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GROUND WATER IN THE EOLA-AMITY HILLS AREA 
NORTHERN WILLAMETTE VALLEY, OREGON

By DON PRICE

ABSTRACT

The Eola-Amity Hills area comprises about 230 square miles on the west side 
of the Willamette Valley between Salem and McMinnville, Oreg. The area is 
largely rural, and agriculture is the principal occupation.

Rocks ranging in age from Eocene to Recent underlie the area. The oldest rocks 
are a sequence more than 5,000 feet thick of marine-deposited shale and silt- 
stone strata, with thin interbeds of sandstone that range in age from Eocene to 
middle Oligocene. They are widely exposed in and west of the Eola-Amity Hills 
and underlie younger sedimentary and volcanic rocks throughout the study area. 
In the Eola-Amity Hills and Red Hills of Dundee, the Columbia River Group, a 
series of eastward-dipping basaltic lava flows locally of Miocene age, uncon- 
formably overlies the marine sedimentary rocks. The Columbia River Group 
ranges in thickness from less than 1 foot to about 900 feet and has an average 
thickness of about 200 feet. The formation is exposed in the Eola-Amity Hills 
and Red Hills of Dundee and, at places, extends to the east beneath younger 
rocks.

Overlying the Columbia River Group and marine sedimentary rocks are non- 
marine sedimentary deposits that range in thickness from less than 1 foot, where 
they lap up (to an altitude of about 200 ft) on the flanks of the higher hills, to 
several hundred feet along the east margin of the study area. These deposits in 
clude the Troutdale Formation of Pliocene age, the Willamette Silt of late Pleisto 
cene age, and alluvium of the Willamette River and its tributaries.

The Troutdale Formation and the alluvium of the Willamette River contain 
the most productive aquifers in the Eola-Amity Hills area. These aquifers, which 
consist mainly of sand and gravel, generally yield moderate to large quantities 
of water to properly constructed wells. Basalt of the Columbia River Group 
yields small to moderate quantities of water to wells, and the marine sedimen 
tary rocks and Willamette Silt generally yield small but adeqtiate quantities of 
water for domestic and stock supplies.

Ground water from the Columbia River Group and nonmarine sedimentary 
rocks is chemically suitable for irrigation and other uses, as is the water from 
shallow depths in the marine sedimentary rocks. However, water from depths of 
more than several hundred feet in the marine sedimentary rocks contains large 
amounts of chloride and other dissolved mineral constitutents that make it un 
suitable for most uses. Samples from three fairly closely spaced wells obtaining 
water from depth zones of 50 to 77, 191 to 201, and about 2,000 feet contained 
172, 1,160, and 26,000 ppm (parts per million) of chloride, respectively.
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About 6,100 acre-feet of ground water was pumped from wells and withdrawn 
from springs for various uses during 1964; of this amount about 4,800 acre-feet 
was used for irrigation. The total volume of ground water withdrawn and put 
to beneficial use each year is small compared with the amount that discharges 
naturally by evapotranspiration and through undeveloped seeps and springs. 
Much of the natural discharge could be intercepted and put to beneficial use by 
pumping from wells.

Major problems affecting the development of ground water in the area include 
(a) uneven areal distribution of permeable rocks, (b) undesirable chemical 
quality of the ground water locally in the marine sedimentary rocks, and (c) 
fine sand entering wells that tap the Troutdale Formation and thereby causing 
loss of well efficiency and costly wear on pumps and water-supply systems.

INTRODUCTION

PURPOSE AND SCOPE OF THE INVESTIGATION

The Eola-Amity Hills area is one of highly diversified geologic 
and hydrologic conditions which make the occurrence, quality, and 
availability of ground water vary considerably from place to place. 
The area is also one where withdrawals of ground water for irrigation, 
domestic, and public supplies have increased progressively in recent 
years. Approximately 400 wells have been drilled in the area since 
1955, including about 50 large-yield irrigation wells, about 10 public- 
supply wells, and more than 340 domestic wells.

The largest increases in ground-water withdrawals have been for 
irrigation. This trend is expected to continue because there is a grow 
ing need for water in this area for the types of crops (such as truck 
crops and pasture) that require considerably more water than is gen 
erally available from precipitation during the dry summer months. 
In 1964 about 5,000 acres of land in the area was irrigated with ground 
water. This is only a small part of the arable land that could be irri 
gated by the available ground water in the area.

Ground-water withdrawals for public and domestic supplies are 
also expected to continue to increase to keep pace with the growing 
rural and suburban population of the study area. Also, the growing 
population is likely to attract industries that require considerable 
\vater. The more populated areas (West Salem and McMinnville) 
obtain water from streams outside the study area; however, the smaller 
towns and cities in the area rely entirely on ground water developed 
from wells and springs. Most of these smaller towns and cities, as well 
as water districts utilizing ground water to serve suburban areas, an 
ticipate enlarging their water systems to meet the needs of a growing 
population.

The purpose of this investigation, therefore, is to present sufficient 
geologic and hydrologic data so that ground-water conditions in any



INTRODUCTION 3

given part of the area can be predicted with reasonable accuracy 
and be used as a guide to future development of ground-water sup 
plies. To this end, records of several hundred wells were examined to 
determine the types and thicknesses of rocks penetrated and the ade 
quacy and dependability of the ground-water supply. Water samples 
were collected from 13 representative wells and 1 spring and were 
analyzed by the U.S. Geological Survey to determine the chemical 
character of the water. Periodic water-level measurements were made 
in 15 selected wells to determine seasonal and long-term water-level 
fluctuations and any effects that present ground-water development 
has had on the water levels. The hydrographs of the eight most repre 
sentative of these wells are included in this report. A geologic map 
and geologic sections were compiled to show the extent and thickness 
of the principal geologic units. Contours depicting the top of the water 
table beneath the main valley plain were drawn to show the depth to 
the main zone of saturation and the general directions of ground-water 
movement.

Most of the fieldwork for this investigation was done during June 
and December of 1963, but periodic trips were made into the area 
throughout 1963 and early in 1964 to collect water-level measure 
ments and pumpage records and to check the geologic map for 
accuracy.

This investigation is part of a continuing cooperative program of 
the Oregon State Engineer and the U.S. Geological Survey to evaluate 
the ground-water resources of Oregon. The work was under the direct 
supervision of E. R. Hampton, acting district geologist in charge of 
ground-water investigations in Oregon.

LOCATION AND EXTENT OF THE AREA

The Eola-Amity Hills area lies between lat 44°53' and 45° 15' N., 
and long 123°00/ and 123° 15' W., in northwestern Oregon. It includes 
that part of the northern Willamette Valley west of the Willamette 
River between Salem and McMinnville, Oreg., and covers approxi 
mately 230 square miles. The boundaries and general cultural and 
physiographic features of the Eola-Amity Hills are shown in figure 1.

PREVIOUS INVESTIGATIONS

The general geology and the occurrence and availability of ground 
water in the Eola-Amity Hills area were described in a report of the 
ground-water resources of the Willamette Valley (Piper, 1942). 
Ground-water-level records have been collected in a number of wells 
in the study area by the Oregon State Engineer. Some of these records 
are published in that agency's ground-water report series (Sceva and 
DeBow, 1964,1965).
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FIGTJBE 1.   Extent and general cultural and physiographie features of
the report area.
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A brief description of ground-water conditions and availability in 
the Eola-Amity Hills area is given in a report that presents much of 
the ground-water data collected during this investigation (Price and 
Johnson, 1965).

The geology of parts of the study area has been described in several 
previous reports, which are included in the list of references on 
page 64. Recent geologic studies include a geologic map (with text) 
of the McMinnville and Sheridan 15-minute quadrangles (Baldwin 
and others, 1955). That map covers approximately the northern three- 
fourths of the study area.
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WELL- AND SPRING-NUMBERING SYSTEM

In this report wells and springs are designated by symbols that indi 
cate their location according to the official rectangular subdivision of 
public lands. For example, in the symbol for well 6/4W-1H1, the part 
preceding the hyphen indicates respectively the township and range 
(T. 6 S., R. 4 W.) south and west of the Willamette base line and 
meridian. Because most of the State lies south of the Willamette base 
line and east of the Willamette meridian, the letters indicating the 
directions south and east are omitted, but the letters "N" and "W" 
are included in the well numbers of wells north and west of the Wil 
lamette base line and meridian. The first digits following the hyphen 
indicate the section (sec. 1), and the letter indicates the 40-acre sub 
division of that section, as shown in figure 2. The final digit is the 
serial number for that particular well. Thus, well 6/4W-1H1 is in 
the SEi^NEi^ sec. 1, T. 6 S., R. 4 W., and was the first well in that 
tract to be listed.

Springs are numbered in the same manner as the wells except that 
the letter "s" is added following the final digit. For example, the first 
spring recorded in the NW^SE^ sec. 4, T. 4 S., R. 4 W., has the 
number 4/4W-4Kls.

2165-947 0 6,7-
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FIGURE 2. Well- and spring-numbering system.

In the table of well records (table 1), only those parts of the well 
numbers following the hyphen (1H1, for example) are shown; sub 
heads indicate the appropriate townships and ranges. In tables 3 and 4 
(records of springs and chemical analyses of ground water, respec 
tively), the first well or spring listed under a given township and 
range is shown with its full number, and the part following the 'hyphen 
is given for all other wells or springs listed under that township and 
range.

On plate 1, the map showing locations of wells and springs, the parts 
of the numbers following the hyphen are shown near the appropriate 
symbols; this shows at a glance the section and part of the section in 
which the well or spring is located.
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GEOGRAPHY

CLIMATE

The climate of the Eola-Amity Hills area is transitional between 
the relatively humid marine-type climate west of the Coast Range and 
a drier inland-type climate. It is characterized by cool, moist winters 
and warm, dry summers. The wettest months are generally November 
to March, and the driest months are July and August. Precipitation 
usually occurs as gentle rain throughout the year; however, some snow 
and some freezing rain fall during the midwinter, and occasional 
thundershowers occur during the summer.

Climatological data have been collected at McMinnville by the U.S. 
Weather Bureau since 1888. These records are believed to be fairly 
representative of the entire study area. The wettest year at McMinn 
ville during the period 1888 to 1964 was 1896, when 64.92 inches of 
precipitation was recorded (20.47 inches was recorded during Novem 
ber of that year). The driest year during that same period was 1929, 
when only 24.52 inches of precipitation was recorded. Average monthly 
precipitation ranged from less than half an inch in July and August 
to more than 6 inches in January, November, and December. Figure 3 
shows the annual precipitation and cumulative departure from the 
1900-63 average during the period 1900-64, and figure 4 shows the 
average monthly precipitation and temperature at McMinnville for 
approximately that same period.

The temperature of the Eola-Amity Hills area is fairly equable 
throughout the year. The average monthly temperature for July, the 
warmest month, is about 68° F. for the period of record, whereas the 
average monthly temperature for January, the coldest month, is 
about 39° F. (fig. 4). In July, the average daily maximum temperature 
is about 78° F., and the average daily minimum midsummer tempera 
ture is about 48° F. In January, the average daily maximum tempera 
ture is about 42° F., and the average daily minimum temperature is 
about 27° F. The warmest summer temperature recorded at McMinn 
ville was 110° F. (1924,1925, and 1926), and the coldest winter temp 
erature recorded was  24° F. (1919).

Evaporation data have not been collected in the Eola-Amity Hills 
area, but such data are collected at a Weather Bureau class A land 
pan at Corvallis (in the Willamette Valley about 30 miles southwest 
of Salem). Corvallis is an area climatologically similar to the study 
area; therefore, the evaporation data collected at Corvallis are 
probably representative of the study area.

At Corvallis the average evaporation is about 27 inches during 
the period April to September and only about 5 inches during the 
period October to March.
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(57 years of record)

FIGUEE 4. Average monthly precipitation and temperature at McMinnville.

The growing season in the study area is generally from mid-April 
to September, but in some years late spring rains delay preparation 
of the soil for planting until late in May.

PHYSIOGRAPHIC FEATURES

The Eola-Amity Hills area is a segment of the Willamette Valley 
that lies between the Cascade and Coast Ranges in the Pacific Border 
physiographic province (Fenneman, 1931, p. 449).

The area extends westward from the Willamette Kiver to near 
the base of the Coast Kange and extends northward from the Salem 
Hills to the Ked Hills of Dundee. The main physiographic units in 
the area are (a) the Eola-Amity Hills, (b) the east valley plain, (c) 
the west valley plain, and (d) the flood plain of the Willamette Kiver 
(%  1).
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BOLA-AMITY HTT.T.S

The Eola-Amity Hills are one of several isolated lava-capped upland 
areas in the northern Willamette Valley between Salem and Portland. 
They are separated from .the Salem Hills by a gap through which 
the Willamette Kiver flows and from the Coast. Range, Red Hills of 
Dundee, and other local upland areas by intervening segments of the 
main Willamette Valley plain (fig. 1).

The Eola-Amity Hills subarea consists of approximately 70 square 
miles, or nearly one-third of the study area. The Eola Hills, which 
alone occupy about 50 square miles, extend northward from Salem 
nearly 13 miles to near the town of Amity. They are divided into two 
nearly equal segments by a pass (alt about 430 ft) about 6 miles 
north of Salem and are separated from the Amity Hills by another 
pass (alt about 450 ft) between Amity and Hopewell (fig. 1).

The average altitude along the crest of the Eola-Amity Hills is 
about 850 feet, although some of the higher peaks extend more than a 
thousand feet above mean sea level. The highest point is identified 
by triangulation point Yam (about 4 miles southeast of Amity), 
which has an altitude of 1,163 feet.

A characteristic feature of the Eola-Amity Hills is their cuesta- 
like shape. The hills trend generally northward and have fairly steep 
western flanks and more gently sloping eastern flanks. This is caused 
by the attitude of the geologic units that underlie the Eola-Amity 
Hills. These rocks have been tilted generally toward the east. Con 
siderable land slippage is evident on the southern and western flanks 
of the hills.

EAST VAULEY PI/AIN

The east valley plain is that part of the main Willamette Valley 
plain east of McMinnville and the Eola-Amity Hills; it includes 
Dayton Prairie and Spring Valley (fig. 1) and consists of about 67 
square miles. The east valley plain is a mostly flat surface that ranges 
in width from less than a mile at the north end of Spring Valley to 
about 9 miles in the south part of Dayton Prairie. It has an average 
altitude of about 160 feet and slopes gently to the north. The altitude 
in Spring Valley near Lincoln is about 170 feet; farther north near 
Uniondale it is about 160 feet; and in Dayton Prairie at the McMinn 
ville Airport it is about 155 feet.

The east valley plain is one of the most important parts of the study 
area with respect to agriculture and availability of ground water for 
irrigation. It is underlain to depths of more than 200 feet by fairly 
permeable sand and gravel aquifers, which are tapped by a number 
of moderate- to large-yield irrigation wells.
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WEST VAULBY PI*AIN

The west valley plain includes that part of the main Willamette 
Valley plain west of McMinnville and the Eo]a-Amity Hills (fig. 1) 
and consists of about 70 square miles. It differs physiographically 
from the east valley plain in that it has an undulating surface owing 
to local outcrops of moderately resistant shale and siltstone strata that 
form small scattered knolls and hills. The west valley plain has an 
average altitude of about 180 feet and is divided into two parts by a 
western extension of the Eola Hills that is breached by Holmes Gap 
(fig. 1). North of Holmes Gap the plain slopes gently to the north, and 
south of Holmes Gap it slopes southeastward. A short distance beyond 
the southwest boundary of the study area, the west valley plain merges 
with the east slopes of the Coast Range.

WHUTiAMETTB RIVER FLOO1> PILAIN

The present flood plain of the Willamette River is about 30 to 80 
feet lower in altitude than the main valley plain and is separated 
from the main valley plain by a steep erosional scarp of the Willamette 
River. The present flood plain has an average altitude of about 130 
feet and slopes northward about 3 feet per mile. It ranges in width 
from less than 1 to about 4 miles and has many features characteristic 
of flood plains adjacent to low-gradient streams that have large varia 
tions of flow; these features include ox'bow lakes, meander scars, and 
numerous abandoned stream channels that are occupied by water only 
during freshets and floods.

Only discontinuous segments of the Willamette River flood plain 
lie within the study area, which is west of the Willamette River. The 
largest of these segments includes Grand Island, which consists of 
about 13 square miles. The other segments (unnamed) have a combined 
area of about 10 square miles.

DRAINAGE

The Eola-Amity Hills area is drained primarily by the Willamette 
and Yamhill Rivers and by Rickreall Creek. The Willamette River, 
which is the master stream, enters the area from the south and flows 
generally northward east of the Eola-Amity Hills; it forms the east 
boundary of the study area. The South Yamhill River enters the area 
from the west and flows generally northeastward across the west valley 
plain and part of Dayton Prairie, and is joined by the North Yamhill 
River about 2 miles northeast of McMinnville. From this confluence 
the Yamhill River flows generally eastward, to where it drains into 
the Willamette River about 3 miles east of Dayton. Rickreall Creek 
drains most of the southwest part of the study area; it enters the area
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northwest of Rickreall, flows eastward, and drains into the Willamette 
River near Eola (fig. 1).

The two largest streams which rise within the study area are Ash 
Swale and Palmer Creek. Ash Swale drains much of the area west 
of the Eola-Amity Hills between Holmes Gap and Amity. It drains 
into Salt Creek, which flows into the South Yamhill River about 2 
miles north of Amity. Palmer Creek, east of the Eola-Amity Hills, 
flows northward parallel to the Willamette River and empties into the 
Yamhill River at Dayton.

Most of the streams that drain the main valley plain, including the 
Willamette and Yamhill Rivers, are sluggish, meandering streams of 
low gradient. Their low gradients are caused largely by a natural dam 
of basalt across the Willamette River near Oregon City about 25 miles 
downstream from the study area. The dam, which is formed by struc 
tural uplift of the basalt, has been artificially heightened in recent 
years to increase the power potential of waterfall (Willamette Falls) 
over the dam.

Only small, generally intermittent streams drain the Eola-Amity 
Hills and the Red Hills of Dundee. Many of them begin as springs 
near the base of the lava that caps the hills. The few streams that are 
perennial discharge several cubic feet per second during the winter 
and spring, but their flow decreases markedly during the summer. 
Water from some of these streams is impounded behind small dams 
and is used for limited irrigation and public and domestic supplies.

STREAM DISCHARGE

Stream-gaging stations are maintained by the Geological Survey on 
Willamette River at Salem; on South Yamhill River near Whiteson; 
and on Rickreall Creek, about 3 miles west of Dallas (not shown on 
map). Streamflow records collected at those and other gaging stations 
are published in a ser|ies of Geological Survey water-supply papers 
entitled "Surface Water Supply of the United States, Part 14, Pacific 
slope basins in Oregon and lower Columbia River basin."

According to records published in this series, the average annual 
discharge of the Willamette River past the gaging station at Salem 
was about 23,350 cfs (cubic feet per second), or about 16.9 million 
acre-feet per year, for the period of record (1909-63). The discharge 
of the Willamette River measured'at Salem includes discharge from 
Rickreall Creek, which averaged about 102,000 acre-feet per year dur 
ing 6 years of record, beginning in 1947. Most of the visible inflow to 
the Willamette River along the reach that forms the east boundary 
of the study area north of Salem is from the Yamhill River, which 
had an average annual discharge near Lafayette of about 7,550 cfs
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(about 1.12 million acre-ft per yr) during the period of record (1929- 
32). Direct ground-water inflow to the Willamette Eiver from the 
study area is not known but is believed to be substantial.

The only stream-gaging station in operation in the study area as of 
1964 was on South Yamhill Kiver near Whiteson. During 24 years of 
record beginning in water year 1941, the average annual discharge at 
that station was 1,743 cfs, which is equivalent to 1,262,000 acre-feet 
per year. The annual runoff of the river ranged from about 600,000 
acre-feet in water year 1941 to more than 2 million acre-feet in water 
year 1956 (fig. 5). The average monthly flow of the river was about 
275,000 acre-feet for January and about 3,000 acre-feet for August 
(fig. 6).

Measurements have not been made of the discharge of the smaller 
streams rising within the study area. The average discharge of even 
the largest of these streams is less than that of Kickreall Creek. These 
streams obtain a large percentage of their flow from ground water 
discharging through seeps and springs.
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FIGURE 5. Annual runoff of the South Yamhill River near Whiteson (water
years 1941-64).
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CULTURE AND INDUSTRY

The area of this report is largely rural and sparsely populated. Most 
of the land is utilized for crops, orchards, and grazing. Salem, the 
principal commercial center serving the area, had a population of 
about 62,800 in 1964, including about 4,300 people who resided in West 
Salem. The largest city entirely within the study area is McMinnville,



GEOLOGIC SETTING. 15

which had a population of about 8,400 in 1964. Other towns in the 
area having reported estimated populations of 500 or more as of 1964 
include Dayton (pop. 985), Amity (pop. 638), and Lafayette (pop. 
579.)

Exact figures are not available for the rural population of the area. 
However, it is estimated from the Oregon State Board of Census rec 
ords of unincorporated county population that the rural population 
in the parts of Polk and Yamhill Counties included in the study area 
was about 7,500 in 1964.

The principal occupation in the Eola-Amity Hills area is agricul 
ture. About 20,000 acres of land was under cultivation in the area in 
1964; about 4,000 acres was irrigated with ground water. The major 
farm crops included small grains, berries, and legumes; and the major 
orchard crops included nuts, cherries, and prunes. Dairy goods and 
poultry are also important agricultural products of the area.

Industries of the study area include food processing and packing, 
gravel screening, and rock quarrying. Much of the food grown in the 
area is processed and packaged at a large packing plant about 5 miles 
south of Dayton. Much of the rock material for road metal and for 
construction is obtained from gravel excavations adjacent to the Willa- 
mette and Yamhill Rivers and from rock quarries in the Eola-Amity 
Hills.

Ground water is by far the most important mineral resource of the 
area. Wells and springs supply water for the towns of Dayton, Amity, 
Lafayette, Eola, and Hopewell and for several water districts in the 
West Salem area as well as for most of the farm homes. Considerable 
ground water is also used for irrigation, especially in Dayton Prairie 
and the Willamette River flood plain.

Although the area west of the Eola-Amity Hills has long been con 
sidered a favorable area for oil and gas exploration, recent prospecting 
reportedly has not uncovered any economically important oil and gas 
accumulations.

GEOLOGIC SETTING

The Eola-Amity Hills area occupies part of the west limb of a 
synclinal trough that was formed by the structural deformation of 
Pliocene and older rocks. The syncline, whose axis trends north-north 
east, has been partly filled with nonmarine sedimentary rocks. The 
Miocene and older rocks are widely exposed in and west of the Eola- 
Amity Hills, dip generally eastward, and are buried under varying 
thicknesses of nonmarine sedimentary rocks in the eastern part of the 
area. The general geology of the study 'area is shown on plate 1.
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ROCK UNITS AND THEIR WATER-BEARING 
PROPERTIES

MARINE SEDIMENTARY ROCKS

The oldest rocks exposed in the area are the marine sedimentary 
rocks of Eocene to middle Oligocene age, which underlie about 40 
square miles in the area. These rocks underlie much of the south and 
west slopes of the Eola-Amity Hills and Eed Hills of Dundee; they 
generally erode to smooth, moderately steep slopes. Well records indi 
cate that marine sedimentary rocks underlie younger units at varying 
depths throughout the study area, as shown in the geologic sections on 
plate 1.

The marine sedimentary rocks consist mainly of thick layers of 
tuffaceous shale and siltstoiie, with thin interbeds of sandstone; these 
rocks are generally light gray to black in fresh exposures and buff 
to reddish brown in weathered exposures. They are intercalated locally 
with volcanic tuffs, lava flows, and breccias and have been intruded by 
gabbro and basalt sills in the northeast corner of the study area.

The thickness of the marine sedimentary rocks probably exceeds 
5,000 feet in the study area. These rocks have been fully penetrated 
by an oil test well in the NE^ sec. 31, T. 6 S., E. 4 W., where they 
were found to be about 4,920 feet thick and to overlie volcanic rocks. 
The thickest sections exposed in the Eola-Amity Hills are generally 
less than a thousand feet thick.

The marine sedimentary rocks of this report include several forma 
tions that have been described by Snavely and Yokes (1949) ; Baldwin 
and others (1955) ; and Schenck (1928, p. 36; 1936, p. 62-63).

Shale and siltstone form the bulk of the marine sedimentary rocks 
in the Eola-Amity Hills area, are of low permeability, and yield 
water slowly to wells and springs. Most of the wells that tap these 
rocks yield only to 2 to 5 gpm (gallons per minute), and a few wells 
yield more than 10 gpm. Some individuals who live west of the Eola 
Hills, where the marine sedimentary rocks are at or near the land 
surface, have found it necessary to drill two or three wells before suffi 
cient water could be developed to meet normal household requirements.

Not all the materials in the marine sedimentary rocks have low 
permeabilities, however. Locally, moderately permeable interbeds of 
sandstone or volcanic rocks have been tapped by wells that produce 
several tens to more than 100 gpm. Well 5/4W-27E1, about iy2 miles 
east of Amity, taps marine sedimentary rocks and reportedly yields 
120 gpm with 55 feet of drawdown. Well 5/5W-1P1, about 3i/2 miles 
northwest of Amity, reportedly yields 75 gpm with 160 feet of draw 
down ; however, most of the water from that well is probably developed 
in the overlying Troutdale Formation. A log is not available for well
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4/3W-6N1 at Lafayette; but that well, which reportedly yields 180 
gpm with a drawdown of 50 feet, presumably taps the marine 
sedimentary rocfes.

A major problem in developing water from the marine sedimentary 
rocks, aside from the low permeability of those rocks, is that of water 
quality. The formation contains highly mineralized connate water; 
that is, water that was entrapped in the rocks during their deposition. 
(See table 4, sample 10.) This water is unsuitable for drinking and 
for most other uses. Much of the connate water has been diluted or 
displaced from the marine sedimentary rocks above a depth of about 
200 feet by fresh ground water. However, several wells that tap the 
marine sedimentary rocks above a level of 200 feet yield water that 
is generally more mineralized than water from the younger rocks. A 
sample from well 6/4W-17K1 (table 4, sample 11), which taps marine 
sedimentary rocks above the 200-foot level, contained 2,100 ppm (parts 
per million) of dissolved solids, including 1,160 ppm of chloride, which 
is considerably greater than the mineral content of the samples from 
the younger rocks.

INTRUSIVE ROCKS

Coarse-grained intrusive basalt and gabbro underlie less than 2 
square miles in the extreme northwest corner of the study area but 
are more widely exposed to the west (Baldwin and others, 1955). The 
rock is deeply weathered and forms a yellowish-brown clay soil.

No wells in the area are known to be drilled in the intrusive igneous 
rocks, which are of generally low permeability and probably would 
not yield appreciable quantities of water.

COLUMBIA RIVER GROUP

The marine sedimentary rocks are unconformably overlain by the 
Columbia River Group (formerly called the Columbia River Basalt), 
a series of basaltic lava flows that are locally of Miocene age. The 
Columbia River Group underlies about 35 square miles in the study 
area, caps the Eola-Amity Hills and the Red Hills of Dundee, and 
forms the eastward-dipping slopes of those hills. Well records indicate 
that the basalt may extend eastward for some distance beneath 
younger valley-fill materials, as shown in the geologic sections on plate 
1. A down-faulted block of basalt 1 mile north of Amity marks tfie 
westernmost extent of the Columbia River Group in the study area. 
The basalt is widely exposed in adjacent parts of the northern Willam- 
ette Valley and much of the lower Columbia River basin.

The Columbia River Group is more resistant to erosion than the 
underlying marine sedimentary rocks. Consequently, the basalt forms
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escarpments and ledges above the contacts between the two geologic 
units.

The Columbia River Group consists of several accordantly layered 
lava flows that range in thickness from a few to several tens of feet. 
Thin rubbly interflow zones generally mark the contact between the 
individual flow layers.

The basalt in individual flows is, for the most part, dense and im 
permeable ; however, the basalt near the upper and lower surfaces of 
the flows is generally glassy and inflated and contains permeable 
vesicular and scoriaceous zones. Most of the flows contain one or more 
joint systems that are a result of contraction of the lava during cooling. 
In nearly all the flows a vertical joint pattern separates the rock into 
vertical columns ranging in diameter from a few inches to several 
feet. Similar columnar jointing is a characteristic structural feature of 
the Columbia River Group and can be seen in most exposures 
throughout the lower Columbia River basin.

Deformation of the Columbia River Group following its extru 
sion has caused considerable fracturing in the formation. The down- 
faulted block 1 mile north of Amity (pi. 1), for example, has been 
thoroughly brecciated. Similar brecciated flows can be seen in rock 
quarries in other parts of the Eola-Amity Hills. The brecciation 
enhances the water-yielding properties of the Columbia River Group.

In most places in the study area the Columbia River Group is 
deeply weathered and forms a buff to dark reddish-brown saprolitic 
soil that is strewn with large boulders of weathered lava. The depth 
of weathering is generally less than 50 feet, but in some parts of the 
area the entire unit is decomposed (table 2, log of well 6/3W-7A1). 
In fresh exposures the basalt is dark gray to black and porphyritic, 
with phenocrysts of feldspar and augite.

Basalt of the Columbia River Group was extruded on an unevenly 
eroded surface and has undergone considerable erosion following its 
extrusion. Consequently, the basalt varies considerably in thickness 
from place to place in the mapped area. The basalt ranges in thick 
ness from less than 1 foot along its exposed contact with the marine 
sedimentary rocks to about 400 feet (table 2, well 7/3W-8G1). In 
most places, however, the basalt is believed to be less than 400 feet 
thick and probably has an overall average thickness of about 200 feet.

The water-bearing properties of the Columbia River Group depend 
largely on the thickness and number of flows that form this geologic 
unit and on the total thickness of the basalt. The most permeable 
water-bearing zones in the Columbia River Group occur in the scori 
aceous upper parts of some flows and in the interflow zones. There 
fore, a well penetrating a large number of relatively thin flow layers
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is likely to produce more water than a well of the same diameter and 
depth penetrating only a few relatively thick flow layers.

Along the east flanks of the Eola-Amity Hills and the Red Hills 
of Dundee, a number of wells tap basalt of the Columbia River Group 
at various depths below the regional water table. Most of these wells 
yield small quantities of water (generally less than 15 gpm). Some of 
the wells, however, produce more than 100 gpm. (See table 1, records 
of wells 5/3W-30M1, 6/3W-6R1, and 7/3W-8G1.)

Near the crest of the Eola-Amity Hills, the Columbia River Group 
extends above the regional water table. Here, discontinuous bodies of 
ground water are perched at varying depths in the basalt above the 
main water table. These perched ground-water bodies generally yield 
only small quantities of water to wells and springs.

During a pumping test that lasted nearly 6 days, one well that taps 
a confined perched ground-water body in the southern part of the 
Eola Hills was pumped at a rate of 100 to 105 gpm; however, the test 
indicated that the well probably would not sustain that rate. (See 
p. 43-44.)

TROtTTDAIiE FORMATION

Nonmarine sedimentary rocks of Pliocene age overlie the Columbia 
River Group with apparent unconformity. Where the Columbia River 
Group is missing, the nonmarine sedimentary rocks lie unconformably 
on the marine sedimentary rocks (pi. 1). The nonmarine sedimentary 
rocks are believed to be equivalent to the Troutdale Formation (lower 
Pliocene) of the East Portland area (Trimble, 1963, p. 29, and Hogen- 
son and Foxworthy, 1965, p. 22) and therefore are tentatively corre 
lated with that formation. Throughout most of the Eola-Amity Hills 
area, the Troutdale Formation is concealed beneath younger sedi 
mentary deposits. Only scattered outcrops of the Troutdale Forma 
tion, each covering less than a square mile, can be seen on the east 
flanks of the Eola-Amity Hills and Red Hills of Dundee (pi. 1) and 
along the channel of the Willamette River at low-river stage (not 
shown on map).

Where it underlies the northern part of the study area, the Trout- 
dale Formation consists chiefly of alternating layers of clay and sand 
with scattered discontinuous lenses of generally fine to medium gravel. 
The gravel lenses, which are generally less than 10 feet thick,.appear 
to have been deposited chiefly by the Yamhill and South Yamhill 
Rivers. Drillers' logs of wells indicate that gravel constitutes about 
20 to 30 percent of the materials forming the Troutdale Formation 
beneath the valleys of the North and South Yamhill Rivers. Else 
where in the northern part of the study area, the Troutdale Forma-
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tion (at least in the upper 200 ft) contains from 0 to 20 percent 
gravel.

In the southeastern part of the study area, the Troutdale Forma 
tion was apparently deposited by the Willamette River and contains 
a fairly large percentage of gravel (table 2, log of well 7/3W-10E1); 
some of the gravel strata contain boulders more than 6 inches in 
diameter.

The few exposures of the Troutdale Formation in the study area 
and drill cuttings from wells show the formation to be deeply weath 
ered and partly cemented. The pebbles and sand grains are largely 
basaltic. The cementing material is primarily iron oxide.

The Troutdale Formation ranges in thickness from less than 1 foot, 
where it laps up on the older rocks along the flanks of the Eola- 
Amity Hills and the Red Hills of Dundee, to about 280 feet, where it 
was penetrated by well 5/3W-9N1 near Uniondale. Well 5/3W-9N1 
(driller's log in table 2) did not fully penetrate the Troutdale Forma 
tion, but the formation is assumed by the writer not to greatly exceed 
the 280-foot thickness penetrated at that particular site. This assump 
tion is based on a report by the owner that the now abandoned well 
originally yielded saline water, the source of which most likely was 
the underlying marine sedimentary rocks.

The maximum thickness of the Troutdale Formation may exceed 
280 feet in other parts of the study area; but in most places where it 
has been fully penetrated by wells, the formation is generally less 
than 200 feet thick. In the northeast corner of the study area, for 
example, the formation is about 156 feet thick (table 2, log of well 
4/3W-11C1); in the northwest corner, north of McMinnville, it is 
about 22 feet (log of well 4/4W-8H1); southwest of McMinnville it is 
only 3 feet (log of well 4/4W-30J1); in the southeast corner it is 
about 110 feet (log of well 7/3W-22M1); and in the southwest corner 
it is about 30 feet thick (log of well 8/4W-3B1).

The Troutdale Formation of the Eola-Amity Hills area is appar 
ently continuous with the Troutdale Formation of the French Prairie 
area (Price, 1967, p. 20). The formation can be traced from the 
French Prairie area to the Eola-Amity Hills area by exposures along 
the Willamette River, which forms the boundary between the two 
areas, and by well logs.

The Troutdale Formation of the Eola-Amity Hills area differs 
lithologically from that at the type area near Troutdale, Oreg. (about 
40 miles northeast of Dayton), chiefly in that it contains few or no 
quartzite pebbles, whereas the Troutdale Formation at the type area 
and in much of the lower Columbia River basin contains abundant 
quartzite pebbles and cobbles. (See Trimble, 1963, p. 31, and Hogenson
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and Foxworthy, 1965, p. 22.) The absence of quartzite in the Trout- 
dale Formation of the study area is explained by a lack of quartzite 
in the source area, the drainage basins of the Willamette and Yamhill 
Rivers. In the type area, at Troutdale, materials composing the Trout- 
dale Formation were derived from quartzite-rich terrane in the upper 
Columbia River basin.

The Troutdale Formation is one of the most important geologic 
units in the Eola-Amity Hills area with respect to the availability of 
ground water. Most of the domestic wells and large-yield irrigation, 
industrial, and public-supply wells in the area tap the Troutdale 
Formation. The formation as a whole is generally only moderately 
permeable, but some gravel lenses are moderately to highly permeable 
and yield water readily to wells. Wells that tap one or more of the 
permeable gravel lenses in Dayton Prairie and other parts of the main 
Willamette Valley plain yield as much as 900 gpm of water, generally 
with less than 75 feet of drawdown (table 1, wells 5/4W-1C1 and 
-1E1).

In parts of the area where the Troutdale Formation contains little 
or no gravel (such as between Dayton and Hopewell), wells yielding 
up to 500 gpm have been developed from layers of moderately permea 
ble sand. (See table 1, wells 4/3W-28B1, -32B1, and -33K1.)

The predominance of fine sand and silt in the Troutdale Formation 
underlying the northern part of the study area has hampered develop 
ment of ground water. These fine-grained sediments enter wells 
through oversize perforations in the well casing and cause excessive 
wear on pumping equipment and water-distribution systems. In many 
parts of the country where similar problems exist, it has been found 
that use of properly designed and fabricated well screens has suc 
cessfully reduced the amount of sand entering the wells without reduc 
ing the water-yielding capacity of those wells.

wnj^AMEfTTE smr

A sequence of buff to reddish-brown silt with thin discontinuous 
lenses of clay or sand directly underlies about 130 square miles of the 
main Willamette Valley plain, and rests unconformably on the Trout- 
dale Formation and on the older rocks where the Troutdale Formation 
is absent (pi. 1). These fine-grained deposits have been correlated with 
the Willamette Silt of Allison (1953, p. 12) by Baldwin, Brown, 
Gair, and Pease (1955); therefore, the name Willamette Silt is also 
used in this report. The silt is generally bedded, and the bedding 
planes, usually several inches apart, are distinguished by faint color 
changes.

The Willamette Silt is well exposed along the bluffs of the Wil 
lamette River and its tributaries and in readouts throughout the area

2&5-94T O 67   1
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below a general altitude of about 200 feet. A veneer of the silt blankets 
the older rocks locally above 200 feet. However, the silt has not been 
mapped as a separate unit above that altitude (a) owing to the diffi 
culty in distinguishing it from the soils that are formed on the older 
rocks and (b) because it is too thin in most places above the 200-foot 
level to form an aquifer.

The Willamette Silt, as its name implies, consists mainly of silt-size 
particles. Four auger samples collected from the formation in French 
Prairie, and analyzed for particle-size distribution, contained from 
about 60 to about 80 percent silt-size particles (Price, 1967, p. 22). 
These samples contained about 6 percent clay and from about 14 to 35 
percent very fine or fine sand. (See fig. 7 and following table.)

The Willamette Silt appears to be remarkably uniform in texture 
throughout the northern Willamette Valley. Therefore, the four sam 
ples collected from French Prairie are believed to be representative of 
the Willamette Silt that underlies the Eola-Amity Hills area.

U.S. STANDARD SIEVE NUMBER, OR NUMBER OF SIEVE OPENINGS PER INCH
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FIGURE 7. Particle-size distribution of four samples of Willamette Silt from 
auger holes in French Prairie.
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Weight percentage of particles in samples of the Willamette Silt collected from auger
holes in French Prairie

[Analyses by U.S. Geol. Survey hydrol. lab., Denver, Colo. Particle diameters, in millimeters]

Sample

1

2

3

4

Location

SEHSWHsec. 5, T.4S., 
R. 1 W--_        ...

SEHSEWsec. 34, T. 48., 
R.2 W. __.   ___._

NEHSE^sec. 21, T. 5 S., 
R. 2 W.. ................

SWH8WH sec. 5 
T. 68., R. 2 W..-. ......

Depth
of 

sample 
(feet)

17.5

9(1

16.5

9S

Clay

«o.-
001)

7.7

6.0

5.7

6.0

Silt

(0. 004- 
0. 0625)

66.5

80.4

62.9

58.8

Very 
fine 

(0.0625- 
0. 125)

23.0

1 O f\

26.2

31.0

Fine 
(0. 125- 
0.25)

2.6

.6

5.2

4.0

Sand

Medi 
um 

(0. 25- 
0.5)

0.2

.2

Coarse 
(0. 5-1)

Very 
coarse 
(1-2)

In the study area the Willamette Silt ranges in thickness from less 
than 1 foot to about 75 feet. It is thinnest where it laps up on older 
rocks along the flanks of the Eola-Amity and other hills and thickest 
where it is exposed along the erosional scarp of the Willamette River. 
In most places, however, the Willamette Silt, as interpreted on well 
logs (table 2), is generally less than 50 feet thick.

The Willamette Silt was deposited in a lake that inundated the 
Willamette Valley during early Wisconsin (late Pleistocene) time. 
The lake was formed by apparent damming of the Columbia River in 
the vicinity of Portland.

The permeability of the Willamette Silt is generally quite low; 
consequently, the formation transmits water slowly to wells and 
springs. The average coefficient of permeability x of the four auger 
samples mentioned above was less than 1.0 gpd per sq ft (gallon per 
day per square foot). However, the coefficients of permeability of the 
sand occurring as lenses in the formation are undoubtedly much higher 
than 1.0 gpd per sq ft, and could be as much as about 63.0 (Price, 1967, 
p. 28).

Only a few wells tap the Willamette Silt in the Eola-Amity Hills 
area. Those wells produce sufficient water for domestic and stock sup 
plies, but the water is yielded much too slowly to sustain large con 
tinual pumping yields such as are needed for irrigation. The water 
from the Willamette Silt is of generally good chemical quality for 
most uses.

Although the permeability of the Willamette Silt is low, a large 
volume of water from precipitation and other sources percolates down

1 The coefficient of permeability can be expressed as the number of gallons per day of 
water at 60° F. that will pass a cross section of 1 square foot of a water-bearing rock under 
a hydraulic gradient of 1 foot in 1 foot (Brown, 19i53, p. 846). The field coefficient of 
permeability is the same, except that it is measured under the prevailing water 
temperature.
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through the formation to help recharge more permeable aquifers in 
underlying Tertiary rocks. The average annual precipitation on the 
area is about 42 inches. Of this amount about 22 inches is lost by 
evapotranspiration. There is very little overland runoff because most 
of that part of the area underlain by Willamette Silt is flat, and most 
of the precipitation not lost by evapotranspiration is infiltrated by the 
silt and percolates to the water table.

LANDSLIDE DEBRIS

Landslides, involving mainly the Columbia River Group and ma 
rine sedimentary rocks, have occurred in several places along the 
south and west slopes of the Eola Hills. The largest of these are shown 
on plate 1. These slides have occurred where erosion has removed the 
lateral and vertical support from the relatively incompetent marine 
sedimentary rocks which have subsequently failed owing to their 
inability to support their own weight and the weight of the more 
competent overlying Columbia River Group.

Several small springs issue from landslide debris; some are used 
for domestic and limited irrigation supplies. Also, a number of wells 
tap the landslide debris locally and produce sufficient water for do 
mestic use. However, none of the wells that tap the landslide debris 
is known to yield more than about 20 gpm.

AZiLTIVITIM

Alluvial deposits of Recent age underlie the present flood plains of 
the Willamette and Yamhill Rivers and exend up the valleys of the 
larger tributaries of those two rivers. The most extensive deposits of 
alluvium underlie about 13 square miles in Grand Island and about 
10 square miles in the flood-plain segments of the Willamette River 
near Salem. These deposits consist chiefly of alternating layers of 
highly permeable sand and gravel blanketed by several feet of flood- 
plain silt. The alluvial materials, which were derived largely from 
rocks of the Cascade Range, are mainly basaltic and andesitic but also 
include minor amounts of rhyolite and other igneous rock types. The 
clasts range in size from small pebbles to cobbles as much as 6 inches 
in diameter. Individual pebbles are generally well rounded, and the 
deposits are fairly well sorted.

The alluvium of the Yamhill River consists chiefly of fine-grained 
materials, although it does contain some gravel. The gravels are chiefly 
basaltic, as are the gravels in the alluvium of the smaller streams 
draining the Eola Hills.

The maximum thickness of the alluvium in the study area ranges 
from a few feet along small streams to about 70 feet in the Willamette
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River flood plain. The contact between the base of the alluvium of the 
Willamette River and the top of the gravels of the underlying Trout- 
dale Formation is difficult to ascertain in well logs because of the 
similarity of drillers' descriptions of the two units. The arbitrary 
contracts shown on the logs of wells (table 2) penetrating the two 
geologic units indicate that the thickness of the alluvium increases 
in a downstream direction. For example, the alluvium is about 35 feet 
thick in the vicinity of Salem (logs of wells 7/3W-9F1 and 7/4W- 
36F1), and as much as about 70 feet thick in Grand Island, about 10 
miles downstream from Salem (log of well 5/3W-22J1). Logs of 
wells on the east side of the Willamette River flood plain also indi 
cate the increasing thickness of the alluvium in a downstream direc 
tion (Price, 1967, p. 29).

The alluvium of streams tributary to the Willamette River in the 
study area is generally too thin and of too low permeability to yield 
large quantities of water to wells. Conversely, the alluvium of the 
Willamette River is moderately to highly permeable in most places 
and yields moderate to large quantities of water (as much as 1,000 
gpm) to wells.

GROUND WATER

GENERAL FEATURES OF OCCURRENCE

Ground water may be denned as water that occurs under hydro 
static pressure below the land surface and completely saturates or 
fills all the pore spaces in the rock materials in which it occurs. The 
saturated rock materials that readily transmit the ground water are 
referred to as aquifers, and those that do not readily transmit the 
ground water are referred to as aquicludes. All the saturated rocks 
in a given area may be referred to as a ground-water reservoir. The 
volume of water stored in the ground-water reservoir increases dur 
ing wet seasons and decreases during dry seasons, much the same as in 
most surface-water reservoirs.

In the Eola-Amity Hills area ground water occurs under unconfined, 
perched, confined, and semiperched hydrologic conditions. These vari 
ous conditions of occurrence are illustrated in figure 8 and are dis 
cussed below.

Most ground water in the study area is unconfined. The upper sur 
face of the unconfined ground-water body is called the water table, 
and its position is determined by the level at which water stands in 
wells that tap the unconfined ground-water body. The water table 
is under atmospheric pressure and is free to rise and decline in re 
sponse to recharge to and withdrawal from the unconfined ground- 
water body.
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In the Eola-Amity Hills area the main water table has a configura 
tion similar to that of the land surface but somewhat subdued; that 
is, it is highest beneath areas of highest land-surface altitude and 
lowest beneath areas of lowest land-surface altitude. A profile of the 
main water table is shown diagrammatically in figure 8, and con 
tours of the surface of the water table in the main valley plain, based 
on measurements made in late summer and fall, are shown on plate 1. 
Most wells in the main valley plain and the Willamette Kiver flood 
plain tap unconfined ground water beneath the main water table. A 
hypothetical example of such a well is well A in figure 8.

Perched ground water occurs locally in the Eola-Amity Hills and 
Red Hills of Dundee where the water in permeable rocks is held above 
the main water table by impermeable rocks (aquicludes), such as 
dense basalt. Water in the permeable rocks cannot percolate freely 
downward through the underlying impermeable rocks to the main 
water table and, therefore, accumulates as a perched ground-water 
body. Much of the perched ground water occurs in the deeply weathered 
upper part of the Columbia River Group, where it is separated from 
the main zone of saturation by dense unweathered basalt. A number of 
wells currently in use in the Eola-Amky Hills area tap perched uncon 
fined ground water. (See table 1, well 7/3W-17Q1.)

Confined ground water occurs locally in the Eola-Amity Hills and 
the Red Hills of Dundee, where permeable water-bearing zones in the 
eastward-dipping basalt flows of the Columbia River Group are over 
lain by or sandwiched between impermeable confining layers (fig. 8). 
Water moving into the lower ends of the permeable zones is under 
pressure exerted by the weight of unconfined water in the upper part 
of the aquifer. Similarly, confined ground water may also occur in 
the more permeable sedimentary rocks where they extend beneath im 
permeable clay layers in parts of the study area.

In a well that taps a confined ground-water body (fig. 8, wells C 
and D), the water rises above the bottom of the upper confining layer. 
The imaginary surface coinciding with the level to which confined 
water will rise in wells that tap the same confined aquifer is called the 
piezometric surface. If the piezometric surface is higher than the land 
surface at a well, water will flow out of the well (fig. 8, well D). Sev 
eral wells that tap confined aquifers in the Eola Hills flow continuously 
or during part of the year (table 1, wells 5/3W-19N1, 6/3W-6R1, and 
7/3W-8R1).

In Dayton Prairie and adjacent segments of the main Willamette 
Valley plain, downward percolation of water from the land surface 
to the water table is impeded greatly by impermeable <?lay lenses in 
the Willamette Silt. The water held above the regional water table in
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this manner may be referred to as semiperched water because it is not 
separated from the main zone of saturation by unsaturated rocks. The 
more permeable water-bearing layers (generally silt or very fine sand) 
above the clay lenses are referred to as semiperched aquifers. Several 
wells in the area tap semiperched aquifers in the Willamette Silt. 
Well E in figure 8 is a hypothetical example of such a well.

The principal features of the hydrologic system of the Eola-Amity 
Hills area are shown cliagrammatically in figure 8. As figure 8 shows, 
the ground-water reservoir receives natural replenishment (recharge) 
chiefly by downward percolation of precipitation that falls within the 
area boundaries. Other means of recharge include lateral percolation 
of ground water into the area from the north and west and downward 
percolation of water from overirrigated farmland. The ground water 
moves downgradient from the areas of recharge and discharges nat 
urally through seeps and springs (chiefly along stream channels) and 
by evapotranspiration.2 Some ground water is intercepted by dis 
charging wells in the area, but the volume discharged by natural 
means far exceeds that pumped from wells.

Most of the natural recharge takes place during the winter and 
early spring, when precipitation is greatest. The first autumn rains 
restore the soil moisture, but little water percolates to the ground-water 
bodies. However, when the soil has become saturated (generally by late 
November), nearly all the precipitation that is not lost by overland 
runoff or evapotranspiration percolates downward, saturates the per 
meable rock materials, and fills the ground-water reservoir. As the 
reservoir fills, ground-water gradients steepen and the rate of dis 
charge through seeps and springs increases. When the reservoir is 
filled to near capacity (generally by midspring), the rate of recharge 
cannot exceed the rate of discharge from the reservoir. Consequently, 
any additional water is rejected and lost by evaporation or overland 
runoff.

During the dry summer months the rate of ground-water discharge 
exceeds the rate of recharge, and the upper part of the ground-water 
reservoir becomes dewatered. The continual summertime discharge of 
ground water through seeps and springs helps to sustain the flow of 
the Willamette and Yamhill Rivers and of many of the smaller 
streams during this normal period of low flow.

No estimate was made of the annual change of ground-water storage 
in the Eola-Amity Hills area; however, records of ground-water levels 
collected in the area indicate that even during the drier years there 
was sufficient precipitation in the winter to restore all or most of the

2 Bvapotranspiration is a term used for the return of water to the atmosphere by the 
combined mechanisms of direct evaporation from land and water surfaces and transpira 
tion by vegetation.
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water pumped or discharged by natural means during the preceding 
summer.

SPRINGS AND SEEPS

Springs occur under various geohydrologic conditions in the study 
area. Most of the springs in the Eola-Amity Hills and Red Hills of 
Dundee occur along exposed contacts of the marine sedimentary rocks 
and basalt of the Columbia River Group and at places wThere perched 
ground-water bodies intersect the land surface. They generally dis 
charge at the heads of small ravines. Those springs that were observed 
by the writer generally discharge a few to several tens of gallons per 
minute, but some discharge as much as 100 gpm during the wet season. 
Most of the larger and more permanent springs in the Eola-Amity 
Hills and Red Hills of Dundee have been developed by installing col 
lector systems and storage reservoirs and are used for domestic, stock, 
irrigation, and public supplies. Records of 13 representative springs 
that occur in the Eola-Amity Hills and Red Hills of Dundee are given 
in table 3.

Numerous springs and seeps in the main valley plain are along 
channels of deeply incised streams that intersect the main water table 
or perched ground-water bodies. The springs and seeps are generally 
not seen because they discharge into the streams at or below the water 
surface; thus, the discharge of individual springs or seepage areas 
cannot be directly measured or accurately estimated. However, the 
gain in flow of long reaches of streams represents the total discharge 
of all springs and seeps along those reaches; and in much of the Eola- 
Amity Hills area, the discharge is substantial. On the basis of estimates 
made in French Prairie, which is geologically and hydrologically sim 
ilar to the main valley plain in the Eola-Amity Hills area, the volume 
of ground water discharging through springs and seeps directly into 
streams draining 130 square miles of the main valley plain is about 
500 acre-feet per square mile per year. This spring and seep discharge 
sustains the flow of the larger streams during late summer and con 
stitutes virtually all the flow of the smaller creeks that rise within the 
study area.

WATER-LEVEL FLUCTUATIONS

Ground-water levels rise and decline chiefly in response to recharge 
to and discharge from the ground-water reservoir. Other phenomena 
that cause ground-water levels to rise and decline include tides, earth 
quakes, and changes in atmospheric pressure. (A momentary fluctu 
ation of about 0.04 ft in the water level in well 4/4W-27J1, recorded 
Mar. 27, 1964, is attributed to the Alaskan Good Friday earthquake.)

26S-947 O 67   5
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Well 4/3W-33K1; taps the Troutdale Formation

Well 5/3W-21C1; taps 
the Troutdale Formation

Well 5/4W-11D3; taps the. Troutdale Formation

Well 5/4W-20N1; taps the Troutdale Formation

Well S/4W-25G1, taps basalt of the Columbia River Group

Well 5/4W-27E1, taps ma 
sedimentary rocks

Well 7/3W-10E1; taps alluvium and the Troutdale Fo mation

Well 7/3W-17Q1, taps basalt of the Columbia River Group

J FMAMJ JASON DJ FMAMJ JASON D J FMAMJ JASON D
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Figure 9 shows the hydrographs of water levels in eight wells that 
tap different geologic units in the Eola-Amity Hills area and the 
monthly precipitation recorded at McMinnville during the period 
1962-65.

As figure 9 shows, the water levels in all the wells are generally 
highest during late winter and early spring, coinciding with the pe 
riod of greatest monthly precipitation, and are lowest during late sum 
mer and early autumn, coinciding with the period of least monthly 
precipitation. The lower levels also coincide and closely follow the 
periods of greatest pumpage and natural discharge of ground water 
in the area.

In general, the ground-water levels in wells that tap the Troutdale 
Formation in the east valley plain have fluctuated about 20 feet per 
year during the approximately 3 years of record (fig. 9, hydrographs 
of wells 4/3W-33K1, 5/3W-21C1, and 5/4W-11D3). In July 1963 a 
rise of water level (about 3.8 ft) was recorded in well 5/4W-11D3, 
whereas declines were recorded in the other observation wells. This in 
dicates that some recharge of ground water may have resulted from 
irrigation in the vicinity of well 5/4W-11D3 shortly before that well 
was measured.

Water levels in wells in the west valley plain fluctuate about 10 to 30 
feet or more annually (fig. 9, hydrographs of wells 5/4W-20N1 and 
-2YE1). Gravel aquifers tapped by well 5/4W-20N1 apparently receive 
recharge continually from ground water moving into the study area 
beneath the west boundary. The larger fluctuations of the water level 
in well 5/4W-27E1 are attributed to the fact that the well is pumped 
for irrigation most of the summer.

Water-level records collected in two wells that tap basalt of the 
Columbia River Group in the Eola Hills indicate that the levels, at 
least in the lower altitudes, fluctuate about 5 to 15 feet during the year 
(fig. 9, hydrographs of wells 5/4W-25G1 and 7/3W-17Q1). However, 

the annual fluctuations of water levels at higher altitudes in the Eola- 
Amity Hills may be more than 30 feet (table 1, well 5/4W-35C1). Con 
sequently, some wells that tap relatively thin perched aquifers could 
go dry during prolonged periods of dry weather.

In general, ground-water levels in the flood plain of the Willamette 
River fluctuate about 10 to 15 feet during the year, although the fluctua 
tions may be somewhat greater than 15 feet in areas of intensive local-

 4 FIGURE 9. Water-level fluctuations in wells in the Eola-Amity Hills area and 
monthly precipitation at McMinnville during the period 1962-65.
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ized pumping. The hydrograph of well 7/3W-10E1, which taps young 
alluvium and Troutdale gravels beneath the Willamette River flood 
plain, is shown in figure 9. The annual range of fluctuations of the 
water level in that well was about 5 feet in 1962 and 1963 and about 
10 feet in 1964.

Figure 10 is a hydrograph, compiled from periodic water-level 
measurements made during the period 1928-65, of the water level 
in well 5/5W-13B1, which taps the Troutdale Formation. As the hy 
drograph shows, the water levels, like the levels in wells discussed 
above, are generally highest during late winter and early spring, and 
lowest in late summer and early autumn. There are not enough meas 
urements to indicate clearly any rising or declining trends on the hy 
drograph over a given number of years. However, the measurements 
that are available indicate that the water table fluctuated within the 
same range of levels during the entire period of record, even though 
there were some years of below-average precipitation. A long period of 
below-average precipitation in the region would very likely cause a 
declining trend in the ground-water levels in the study area.

20

30

Dashed line indicates period of more than 
one year between measurements

I I j__I
1935 1940 1945

1945 1950 1955 1960 1965

FIGUEE 10. Water-level fluctuations in well 5/5W-13B1, which taps the Trout- 
dale Formation, during the period 192S-65.
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CHEMICAL QUALITY OF THE GROUND WATER

The chemical analyses of 14 water samples collected in the Eola- 
Amity Hills area are given in table 4. One of the samples (sample 14) 
was collected from a spring that issues from the base of the Colum 
bia River Group (table 4, 7/4W-llMls). The other samples were col 
lected from wells that tap various geologic formations in the study 
area. Samples 1 and 13 are from wells believed to tap alluvium; sam 
ples 2, 4, 5, and 6 are from wells that tap the Troutdale Formation; 
sample 3 is from a well that taps the Willamette Silt; samples 7, 9, 
and 12 are from wells that tap basalt of the Columbia River Group; 
and samples 8,10, and 11 are from wells that tap marine sedimentary 
rocks. Twelve of the analyses given in table 4 are illustrated graphi 
cally in figure 11 to show the relative concentrations of important 
mineral constituents in the water. Excluded from figure 11 are the 
analysis of sample 10, a brine from deep in the marine sedimentary 
rocks, and the partial analysis of sample 8.

As figure 11 shows, the samples from the basalt of the Columbia 
River Group and alluvium contained the lowest concentrations of 
dissolved minerals. The samples from the Troutdale Formation and 
the Willamette Silt contained somewhat greater concentrations than 
those from the basalt and alluvium, and the sample from marine sedi 
mentary rocks contained moderate to large concentrations of dissolved 
minerals.

The chemical analyses indicate that most of the water from, the 
nonmarine sedimentary rocks (Troutdale Formation, Willamette Silt, 
and alluvium) and the Columbia River Group is of generally good 
chemical quality for most uses. The ground water from these rocks is 
soft to moderately hard and contains only small to moderate amounts 
of dissolved solids. The dissolved solids in the 11 samples from the 
nonmarine sedimentary rocks ranged from 85 to 273 ppm and averaged 
about 157 ppm. Three of the samples (2, 6, and 7) contained unusually 
large concentrations of iron.

In contrast, the chemical analysis of water from well 6/4W-6F1 
(sample 10) shows that the marine sedimentary rocks contain highly 
mineralized water at great depths. The two samples (8 and 11) from 
wells that tap the marine sedimentary rocks at depths of less than 
about 200 feet are considerably less mineralized, although the sample 
from a depth of 191 to 201 feet (sample 11) contained 1,160 ppm of 
chloride and 2,100 ppm of dissolved solids.

Several of the more significant dissolved mineral constituents and 
properties of the ground waters sampled in the Eola-Amity Hills area 
are discussed briefly below. The reader is referred to a report by Hem 
(1959) for a more detailed discussion of the chemical characteristics 
of natural waters.
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Qw, Willamette Silt Tcr, Columbia River Group 
Tm, marine sedimentary rocks 

Tt

FIGURE 11. Chemical character of ground water. Numbers at top of bars cor 
respond to sample numbers in table 4.

IRON

Iron occurs in solution at two levels of oxidation ferrous (Fe+2 ) 
and ferric (Fe+3 ). Both forms can be present in the same solution under 
certain conditions. However, in the pH range of most ground water, 
significant amounts of dissolved iron are stable only in the ferrous 
form within a reducing (oxygen-deficient) environment. The ferrous 
form changes to the insoluble ferric form in the presence of oxygen. 
Thus, the water can contain as much as several parts per million of 
dissolved iron in a reducing environment, such as in deep aquifers; but 
the iron in solution becomes unstable and precipitates as ferric hydrox 
ide (rust) when the water is brought to the surface and exposed to the 
atmosphere.
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Water containing more than about 0.3 ppm of iron can cause staining 
of utensils and laundry and can turn a rust color upon exposure to the 
atmosphere.

Of the 13 ground-water samples collected in the Eola-Amity Hills 
area and analyzed for iron, 6 contained less than 0.3 ppm of iron. The 
other seven contained concentrations of iron that ranged from 0.35 to 
9.7 ppm and averaged 2.08 ppm. The unusually high concentrations 
(7.7 and 6.3 ppm) of iron in the samples from wells 4/3W-33K1 and 
5/4W-1C1 (table 4, samples 2 and 6) were probably dissolved largely 
from iron-oxide cementing material in the Troutdale Formation.

It seems unlikely that all the iron (9.7 ppm) in sample 7 from well 
5/4W-25G1 was dissolved from basalt of the Columbia River Group 
because the concentration of iron in waters from that formation seldom 
exceeds 1 ppm. Well 5/4W-25G1 was not used for more than a year 
prior to the time that it was pumped to collect the water sample. Conse 
quently, most of the iron in the sample was probably dissolved from 
the well casing and the pump column during the long period of time 
when the well was not used. Even though the well was pumped at a 
rate of about 75 gpm for more than 20 minutes (total withdrawal about 
1,500 gal) before the sample was collected, the pumpage may not have 
been sufficient to remove all the abnormally iron-rich water from the 
well and aquifer.

CHXiOBIl>E

The U.S. Public Health Service (1962, p. 7) recommends that the 
upper limit for the concentration of chloride in drinking water be 250 
ppm. A concentration of 300 ppm or more causes the water to have a 
noticeably salty taste, but water containing concentrations of chloride 
as great as about 1,000 ppm is used for domestic supplies in many 
places, including the study area, despite the salty taste.

The concentration of chloride in water from the Columbia River 
Group and from the nonmarine sedimentary rocks was generally 
low. In the 11 water samples collected from these rocks, chloride 
ranged from 2.0 to 10 ppm and averaged only 4.8 ppm. The chloride in 
the four samples collected from the Columbia River Group (table 4, 
samples 7, 9,12, and 14) averaged only 2.4 ppm.

The analyses of the three samples collected from the marine sedi 
mentary rocks (table 4, samples 8,10, and 11) show that the water in 
those rocks contains moderately large to extremely large concentrations 
of chloride and that the chloride content increases markedly with 
depth. For example, sample 8, collected from a depth of 50 to 77 feet, 
contained 172 ppm of chloride; sample 11, collected from a depth of 
191 to 201 feet, contained 1,160 ppm of chloride; and sample 10,
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collected from an assumed depth of about 2,000 feet, contained 26,000 
ppm of chloride.3

The increasing concentration of chloride with depth in the marine 
sedimentary rocks is brought about chiefly by mixing of the fresh 
ground water of meteoric origin with connate water entrapped in 
the rocks during their deposition. Much of the connate water has been 
displaced from the rocks at shallow depth, where ground water circu 
lates more freely; but very little has been removed at great depths, 
where ground-water circulation is slow.

FTjUOIUDE

Although fluoride is present in natural waters generally in concen 
trations of less than 1 ppm, its presence in drinking waters is important 
because of its effects on teeth. Concentrations of about 1.0 ppm of 
fluoride in drinking waters are considered beneficial in the formation 
of sound teeth (Dean, 1936, p. 1269-1272). However, concentrations 
of fluoride in excess of about 2 ppm in water consumed by children 
during the formation of their teeth may cause the enamel to become 
mottled. Nine water samples collected in the Eola-Amity Hills area 
were analyzed for fluoride. Concentrations of fluoride in these nine 
samples ranged from 0.1 to 0.5 ppm, amounts that may be slightly 
beneficial to tooth development.

HARDNESS OF WATER

Hardness is a property of water that causes excess consumption 
of soap used during washing. Hardness of water is caused principally 
by dissolved calcium and magnesium. These constituents and silica 
are a primary source of scale that forms in boilers and in cooking 
utensils. The relative degree of water hardness can be evaluated from 
the following arbitrary classification in use by the U.S. Geological 
Survey.

Hardness as CaCO3
(parts per million) Degree of hardness

0-60 ___________________ Soft. 
61-120 __________________ Moderately hard. 

121-200 __________________ Hard. 
>200 ___________________ Very hard.

The hardness of most of the ground water in the Eola-Amity Hills 
area ranged from soft to moderately hard. Four water samples col 
lected from the Columbia Kiver Group (table 4, samples 7, 9, 12, and 
14) ranged in hardness from 18 to 38 ppm, which is in the soft category.

3 Data are scant regarding the well (6/4W-6F1) from which sample 10 was collected. 
The present owner reported that the well was cased to its total depth of 2,985 feet, but 
that the water rises from a depth of about 2,000 feet through holes in the casing.
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Two water samples from the alluvium (samples 1 and 13), two from 
the Troutdale Formation (samples 4 and 5), and one from the marine 
sedimentary rocks (sample 11) had hardnesses that ranged from TO 
to 116 ppm, which is in the moderately hard category. Two water 
samples from the Troutdale Formation (samples 2 and 6), one from 
the marine sedimentary rocks (sample 8), and the sample from the 
Willamette Silt (sample 3) had hardnesses that ranged from 141 to 
197 ppm, which is in the hard to very hard categories.

The moderate hardness of sample 11 (106 ppm) is unusual, when 
one considers that most waters having concentrations of dissolved 
solids in the range found in this sample (2,100 ppm) are generally 
hard or very hard. Apparently the water from which sample 11 was 
collected has been softened naturally by coming into contact with 
minerals that have a high capacity for ion exchange. The ground 
water exchanges calcium and magnesium (which make water hard) 
for sodium, which is not a hardening constituent. This type of ex 
change, which generally results in a sodium bicarbonate water, has been 
observed in a number of areas throughout the country (Hem, 1959, 
p.220).

SUITABILITY OF THE GROUNI> WATER FOR IRRIGATION

Ground water from the Columbia Kiver Group and the nonmarine 
sedimentary rocks is chemically excellent for irrigation. Water from 
the marine sedimentary rocks is less favorable for irrigation, although 
water from several wells that tap those rocks is used to irrigate lawns, 
gardens, pasture, and some crops without harmful effects.

The characteristics most important in determining the suitability 
of water for irrigation are (a) the total amount of soluble salts, (b) 
the relative proportion of sodium to other cations in the water, and 
(c) the concentration of boron or other elements that may be toxic 
to plants (U.S. Salinity Laboratory Staff, 1954, p. 69).

Large amounts of dissolved solids (soluble salts) in irrigation water 
can have some harmful effects on crops and soil. The concentration 
of soluble salts in water is indicated by the electrical conductivity 
(specific conductance), which is usually expressed in micromhos at 
25° C. (table 4). By measuring the specific conductance of the water, 
one can obtain an indication of its salinity hazard. If the specific con 
ductance of the irrigation water is high, the salinity hazard may be 
high. The range of conductivity of waters sampled in the study area 
(except sample 10) indicates that those waters may be applied to 
virtually all soils without harmful effects.

The sodium (alkali) hazard involved in use of water for irrigation 
is determined by the proportion of sodium relative to calcium and
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magnesium in the water. If the proportion of sodium is high, the 
alkali hazard is high; conversely, if the proportion of calcium and 
magnesium is high, the alkali hazard is low.

A useful index for designating the sodium hazard is the sodium- 
adsorption-ratio (SAR), which is related to the adsorption of sodium 
by the soil. The classification of waters with respect to SAR is based 
primarily on the effects of exchangeable sodium on the physical con 
ditions of the soil.

Figure 12 is a diagram used for the classification of irrigation 
waters on the basis of specific conductance and SAR. This diagram 
classifies irrigation water into 16 categories, ranging from low salinity 
(Cl) and low sodium (SI) to high salinity (C4) and high sodium 
(S4). Water in the 01-$ 1 category can be used on practically all 
soils with little danger of harmful effects on the soils or crops; water 
in the C4-S4 category is unsuitable for any type of crop or soil except 
under special conditions.

Most of the analyses plotted in figure 12 fall in the Cl-Sl class (low- 
salinity-low-sodium hazard) and the C2-S1 class (medium-salinity- 
low-sodium hazard) and therefore are suitable for irrigation. How 
ever, one analysis that of sample 11 from the marine sedimentary 
rocks is in the very high salinity-very high sodium hazard category. 
Even though the indicated hazard is high, the water may be suitable 
for irrigation in the study area. (The classification shown in fig. 12 
applies chiefly to warm, dry climates and may not apply strictly to 
the more humid climate of the study area.) The well from which 
sample 11 was collected (well 6/4W-17K1) is used mainly for supple 
mentary domestic supply and for watering of a small lawn and shrubs; 
and according to the owner, the water has had no harmful effects on the 
plants and soil.

Small amounts of boron are essential to the growth of nearly all 
plants; a slight excess over the required amount, however, is toxic to 
some types of plants. Therefore, plants may be classified as sensitive, 
semitolerant, and tolerant according to their ability to withstand boron 
concentrations (Wilcox, 1948). Of the more common irrigated crops 
in the Eola-Amity Hills area, legumes and corn are most sensitive to 
boron and may not withstand concentrations of more than about 1 ppm. 
Other irrigated crops in the area, such as cabbage and alfalfa, are 
tolerant to boron and can withstand concentrations of as much as 
about 3 ppm.

Only two analyses in table 3 include a boron determination. Both 
reported concentrations (0.00 to 0.36 ppm) are nontoxic to even the 
most boron-sensitive plants.
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TEMPERATURE OF THE GROUND WATER

Most of the ground-water temperatures given in table 1 were taken 
by the well drillers at the time the wells were completed. The tempera 
tures given in table 4 were taken at the time of water-sample collection.

The temperature of ground water at shallower depths (generally 
less than 100 ft) is controlled largely by the mean annual air tempera 
ture, which ranges from about 50° to 54° F. in the Eola-Amity Hills 
area. Owing to the earth's natural temperature gradient, the tempera 
ture of ground water in the deeper aquifers (below 100 ft) increases 
with depth by about 1.8° F. for each 100 feet.

The temperature of the ground water from most of the wells in the 
Eola-Amity Hills area ranges from about 54° to 56° F. However, 
wintertime temperatures as low as 46° F. have been reported for 
waters from some of the shallower aquifers, owing to rapid recharge 
to the aquifers from rain and snow. Water from well 7/3W-8J1, which 
taps confined ground water in the Columbia River Group at a depth 
of 160 to 326 feet, reportedly had a temperature of 69° F. when the well 
was completed. This is somewhat warmer than could be expected if the 
rock and water temperatures were influenced only by the earth's nat 
ural temperature gradient. The water may have been wanned by heat 
generated along a fault (not shown on map) in the Salem Hills (Wells 
and Peck, 1961, map), which apparently passes beneath the Willa- 
mette River not far from that well.

UTILIZATION OF GROUND WATER

In the Eola-Amity Hills area, ground water is used mainly for irri 
gation and also for domestic, public, and industrial supplies. As used 
in this report irrigation supplies include water used for irrigation of 
crops, orchards, and pastures; domestic supplies include water used 
for household requirements, watering of stock, and irrigation of lawns 
and small gardens; public water supplies include water supplied to 
municipalities, water districts serving suburban residential areas, and 
school and recreational facilities; and industrial supplies include water 
used in processing and packing of fruits and vegetables, dairy opera 
tions, and processing of meat and poultry.

The total annual ground-water withdrawal for all uses in 1964 was 
estimated to be about 6,100 acre-feet. The amounts withdrawn for each 
major use are shown in the following table and are discussed below.

IRRIGATION

Most of the ground water used for irrigation in the study area is 
withdrawn from wells in Dayton Prairie and in segments of the present 
Willamette River flood plain. Nearly all those wells are equipped with
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electrically powered pumps of known horsepower rating. By using 
data supplied by Portland General Electric Co. on the electric power 
consumed to operate the pumps during 1964 and estimates of the 
average pumping head in the area, it was estimated that the total 
volume of water pumped from the wells in 1964 was about 3,400 acre- 
feet. Another 1,400 acre-feet was estimated to have been withdrawn 
from springs and wells for which electric-power-consumption data were 
not available by determining the number of acres and types of crops 
irrigated with water from those wells and springs. During 1964, 
therefore, a total of approximately 4,800 acre-feet of ground water is 
estimated to have been pumped for irrigation in the study area; this 
is about 80 percent of the estimated total volume of ground water with 
drawn for all uses during that year.

Estimated
Principal uses amounts, 1964 

of ground water (acre-feet) 
Irrigation supplies____________  _           4, 800
Domestic supplies__________________       630
Public supplies--^_________________ _____      430
Industrial supplies_ __________________     250

Total (rounded) _____________________ 6,100

DOMESTIC SUPPLIES

Most of the wells and many springs in the Eola-Amity Hills area are 
used for domestic supplies, and most of these also supply water for 
livestock and for irrigation of lawns and small gardens.

The volume of ground water used for domestic supplies in 1964 was 
determined on an estimated daily per capita water requirement of 
about 75 gpd (gallons per day) for the rural segments of the study 
area. This estimate takes into account water used for all household 
requirements, watering of stock, and irrigation of lawns and small 
gardens. It is based on data collected in nearby water districts, where 
reasonably accurate records are kept of the amount of water delivered 
for rural domestic supplies.

The rural population of the Eola-Amity Hills area not served by 
public-supply systems in 1964 was estimated to be about 7,500. Assum 
ing that an average of about 75 gpd was required for each individual 
using privately owned domestic wells and springs, the volume of 
ground water withdrawn for domestic supplies in 1964 was about 
562,000 gpd, or about 630 acre-feet.

PUBLIC SUPPLIES

The two largest cities in the Eola-Amity Hills area, McMinnville 
and West Salem, obtain their municipal water supplies from surface- 
water sources outside the study area. McMinnville's water supply is 
piped from Haskins Creek, which heads in the Coast Range; and West
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Salem's supply is piped by the Salem Water Department from the 
North Santiam River, which heads in the Cascade Range. Three wells 
in West Salem are maintained by the Salem Water Department on a 
standby basis and are used only for emergency supplies in West Salem.

Other towns in the study area that have public water-supply systems 
obtain their entire water supply from wells, springs, or both. These 
towns include Dayton, Lafayette, Amity, Hopewell, and Eola. A farm 
labor camp, a water district, several neighborhood water-supply sys 
tems, and several rural schools also obtain all or part of their water 
supply from wells or springs.

Very few records are kept of the volume of water pumped for public 
supplies in the Eola-Amity Hills area. Therefore, the pumpage could 
be estimated only by interviewing persons most familiar with the indi 
vidual water-supply systems and by determining from data so obtained 
the capacities, pumping rates, and number of people served. Thus, it 
was estimated that about 430 acre-feet of ground water was used for 
public supplies in the area in 1964. The largest amount (about 97 acre- 
ft) was used by the town of Dayton.

INIWSareilAXi SUPFXjIES

Only a small amount of ground water is withdrawn for industrial 
supplies in the study area as compared with the amounts withdrawn 
for irrigation and other uses. Most of the larger industries of the 
region are in Salem and McMinnville and are supplied with surface 
water. Industries that do utilize ground water include food process 
ing and packing and dairy operations.

About 250 acre-feet of ground water was pumped for these indus 
tries during 1964. The largest amount, by far (about 220 acre-ft), 
was pumped for food processing and packing at the Stayton Canning 
Co.'s Alderman Farms plant, about 5 miles south of Dayton.

GROUND-WATER CONDITIONS AND AVAILABILITY 
BY SUBAREAS

The occurrence, quality, and availability of ground water in any 
given area are controlled largely by the nature and distribution of 
the rock units that underlie that area and by the relation of those 
rocks to each other and to the main zone of saturation. At least seven 
geologic units of differing water-bearing properties underlie the 
study area. The uneven areal distribution of the rock units and their 
relation to each other and to the main zone of saturation make the 
occurrence, quality, and availability of ground water highly variable. 
The hydrologic properties of the rock units that underlie the area are 
discussed in an earlier section (p. 16 to 25). The areal distribution 
of the rock units is shown on plate 1, and their relation to each other
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and to the main zone of saturation is shown diagrammatically in 
figure 8.

On the basis of geologic, hydrologic, and physiographic conditions, 
the study area is divided into four major ground-water subareas, each 
differing somewhat from the others in occurrence, quality, and avail 
ability of ground water. These ground-water subareas include the 
Eola-Amity Hills, the east valley plain, the west valley plain, and the 
flood plain of the Willamette Kiver.

EOLA-AMITY HILLS

The Eola-Amity Hills subarea includes the Eola-Amity Hills and 
the part of the Red Hills of Dundee that extends into the study area. 
These hills are underlain by marine sedimentary rocks that are capped 
on their east slopes by basalt of the Columbia Kiver Group. Both 
geologic units dip gently to the east.

At higher altitudes in the Eola-Amity Hills subarea, the main water 
table is generally more than 200 feet below the land surface. Con 
sequently, some wells at the higher altitudes must be drilled to con 
siderable depths to obtain sufficient water for domestic use. However, 
shallow, discontinuous bodies of perched ground water occur locally 
above the 200-foot level. These perched ground-water bodies (some 
less than 20 ft below the land surface) yield sufficient water for 
domestic requirements, but the water is yielded much too slowly to 
support large continual withdrawals such as are needed for irrigation 
and public supplies. Pump-test data collected and analyzed by D. H. 
Hart, U.S. Geological Survey (written commun., January 1953), 
showed this to be the case with the perched ground-water body tapped 
by well 7/4W-24G1. The data collected during the test indicate that 
the ground-water body is confined and of limited extent.

When a well that taps an extensive confined ground-water body is 
pumped at a constant rate, the drawdown of water level in the well 
below the nonpumping level increases roughly as the logarithm of 
pumping time. Therefore, a graph in which the drawdown of water 
level is plotted against the logarithm of time should be roughly a 
straight line. The slope, or change in slope, of this line reflects the 
inherent characteristics of the aquifer; steepening of the slope of the 
line without increasing the rate of pumping may be caused by one 
or more of the following possibilities: (a) The outer edge of the cone 
of depression 4 intersects one or more relatively impermeable zones

4 Cone of depression is a phrase used to refer to the drawdown of the water table (or 
piezometric surface) around a discharging well (as shown in cross section at the hypo 
thetical discharging well, well A, in fig. 8). When a well begins to discharge, the cone of 
depression expands and deepens until the rate of movement of water through the aquifer 
toward the discharging well equals the rate of discharge from the well; when this occurs, 
the cone of depression will remain stable.
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in the aquifer, (b) the outer edge of the cone of depression intersects 
an impermeable boundary of the aquifier, or (c) dewatering of the 
upper part of the aquifer by the pumping reduces the saturated thick 
ness of the aquifer and the cross sectional area through which the 
water can be drawn.

Figure 13 shows the drawdown of water level in well 7/4W-24G1 
plotted against the logarithm of pumping time. The pumping rate 
ranged from 98 to 105 gpm. As figure 14 shows, the relation between 
drawdown and the logarithm of pumping time began to deviate from 
a straight line after about 200 minutes of pumping and continued a 
gradual downward trend until the end of the test. This could have 
been caused by one or more of the conditions mentioned above. In any 
event the test indicated that the aquifer would not sustain a pumping 
rate of about a hundred gallons per minute for indefinite periods of 
time.

At lower altitudes on the east side of the Eola-Amity Hills subarea, 
the Columbia River Group extends beneath the main water table. 
At these lower altitudes, wells that tap the basalt of the Columbia 
River Group are more likely to retain their original specific capacities 
during long periods of pumping than those that tap the discontinuous 
perched water bodies at higher altitudes; this is chiefly because there 
is less possibility of dewatering of the aquifers in the main zone of 
saturation. Several wells of moderate yield that tap the basalt of 
the Columbia River Group along the lower east slopes of the Eola 
Hills reportedly have fairly constant yields throughout the irrigation 
season. (See table 1, records of wells 5/3W-30M1, 6/3W-6J1, and 
7/3W-8G1.)

The chemical quality of the water of the Eola-Amity Hills subarea 
is excellent to good for most uses, as indicated by the analyses of 
samples 7, 8, 9, 12, and 14 in table 4. However, wells that penetrate 
the marine sedimentary rocks considerably below the base of the 
basalt in this subarea could possibly pump water of less desirable 
chemical quality.

EAST VALLEY PLAIN

The geologic units that underlie the east valley plain are, in de 
scending order, the Willamette Silt, the Troutdale Formation, the 
Columbia River Group (probably absent locally), and the marine 
sedimentary rocks. (See sections on pi. 1.) Most of the ground water 
utilized in this subarea is pumped from the Troutdale Formation, 
although some wells tap the Willamette Silt or basalt of the Columbia 
River Group.
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In the east valley plain the main water table is generally less than 
50 feet below the land surface (see pi. 1), and most wells obtain 
water below that level; that is, from the main zone of saturation. 
Most wells in the Dayton Prairie and Spring Valley segments of the 
east valley plain are less than 150 feet deep, whereas those in the 
segment of the subarea between Dayton and Hopewell are generally 
between 200 and 310 feet deep.

Large-diameter wells in the east valley plain produce moderate 
to large quantities (as much as 900 gpm) of water with drawdowns 
of less than 100 feet. The most productive wells are those that tap 
gravels in the Troutdale Formation beneath the west half of Dayton 
Prairie and the segment of the subarea due west of Grand Island, 
although wells that tap only sand in the vicinity of Dayton re 
portedly produce as much as 480 gpm with 110 feet of drawdown.

On the basis of drillers' logs, it is estimated, using a method 5 
described by Davis, Green, Olmsted, and Brown (1959, p. 211-241), 
that there is about 935,000 acre-feet of recoverable ground water of 
good quality in the 10- to 200-foot-depth zone beneath the 42,500-acre 
(or 67 sq mi) east valley plain. There is considerably more good- 
quality ground water available for recovery below the 200-foot-depth 
zone; however, there are insufficient well-log and quality-of-water 
data for aquifers below the 200-foot level on which to base quantitative 
estimates.

The chemical quality of ground-water samples collected in the east 
valley plain was found to be suitable for most uses, although the 
water from two wells (4/3W-33K1 and 5/4W-1C1) contained un 
usually large concentrations of dissolved iron. (See table 4, analyses 
of samples 2 and 6.) Also, the water from well 5/3W-9N1, which is 
one of the deepest (307 ft) wells in the subarea, was judged by the 
well owner to be too "saline" for irrigation after a corn crop had been 
damaged. A chemical analysis of the water was not available from 
which to determine the harmful constituents in the water, but the 
fact that the water was not suitable for irrigation (at least for corn) 
suggests that deeper wells in the vicinity of well 5/3W-9N1 or other 
parts of the subarea could also yield water containing harmful min 
eral constituents.

The predominance of fine sand in aquifers tapped by many wells 
in the east valley plain causes a major problem in development of

5 (a) Estimated specific-yield values were assigned to several lithologic types in repre 
sentative wells, as follows: Gravel or gravel and sand, 25 percent; sand, 20 percent; sand 
tincl clay, 15 percent; and clay, 5 percent; (b) an average specific yield, based on total 
thicknesses of respective lithologic units, was then computed for each township for the 
depth zone 10 to 200 ft; (c) the volume of saturated rocks in this depth zone was then 
multiplied by the computed average specific yield to obtain the volume of recoverable 
ground water.
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ground water. The sand enters the wells, generally through oversize 
perforations, and causes excessive wear on pumps and water-supply 
systems. Also, sand and sediment accumulate in some wells, a condi 
tion which eventually necessitates cleaning and redeveloping those 
wells. In some wells artificial gravel packs have been used with mod 
erate success, but great care must be taken in the selection and place 
ment of the pack material around the well screen or perforated liner 
so that an effective pack may be formed.

In other areas, where sand has been a problem in ground-water 
development, well screens have been used with greater success than 
have gravel packs. Wells equipped with properly designed and fabri 
cated well screens (with a slot size to match the grain size of the 
aquifer materials) have an advantage over wells with perforated 
casings and gravel packs because the well screens provide more area 
open to the aquifer and have a slot size small enough to hold out the 
larger sand particles. The increased open area provides a greater 
yield from the well per unit drawdown, and the resultant lower en 
trance velocities reduce the quantity of sand drawn into the well with 
the water and subsequently pumped from the well.

Some wells in the subarea tap aquifers that contain a large per 
centage of silt. Even if those wells were equipped with well screens, 
the silt could not be held back because it is suspended in the pumped 
water. Suspended silt can be troublesome in water-supply systems 
where sediment-free water is needed.

There is no way to avoid pumping suspended sediment except by 
casing off the silt-producing strata during well construction. Care 
ful logging of the well is necessary to ensure that the casing will not 
be perforated or that a screen will not be placed opposite a silt- 
producing stratum.

WEST VALLEY PLAIN

Much of the west valley plain is underlain by marine sedimentary 
rocks, which in most places are covered by a veneer of the Troutdale 
Formation and Willamette Silt. In the subarea, therefore, most wells 
more than a few feet deep obtain water from the rather impermeable 
marine sedimentary rocks and generally yield less than 10 gpm. One 
well that taps the marine sedimentary rocks beneath the west valley 
plain was reportedly pumped at a rate of 120 gpm (table 1, well 
5/4W-2TE1), but it is unlikely that more than a few gallons per 
minute of water can be obtained from other wells that tap this rock 
unit.

Locally in the subarea, however, alluvial deposits (probably the 
Troutdale Formation) overlie the marine sedimentary rocks. The more 
permeable of these deposits underlie the valley of the South Yamhill
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River and yield moderate quantities of water to wells. Well 5/5W- 
25A1, which taps these deposits, reportedly yielded 250 gpm with 61.5 
feet, of drawdown. Wells 5/4W-20N1 and 5/5W-1P1 tap both the 
Troutdale Formation and the marine sedimentary rocks but are be 
lieved to obtain most of their yield from the Troutdale. They report 
edly yielded 60 gpm with 97 feet of drawdown and 75 gpm with 160 
feet of drawdown, respectively.

A major problem affecting the devolpment of ground water in the 
west valley plain, aside from the low. permeability of the marine sedi 
mentary rocks that underlie most of that subarea, is the mineral con 
tent of the ground water in those rocks particularly of the water 
from deeper producing zones. The amount of water that can be 
pumped from a well is determined to some extent by the depth drilled 
and the number of producing zones penetrated and is therefore limited 
locally because of poor-quality water from the deeper producing zones.

WILLAMETTE RIVER FLOOD PLAIN

The principal aquifers in the Willamette River flood plain include 
sand and gravel deposits in the alluvium of the Willamette River and 
in the Troutdale Formation which underlies the alluvium in most 
places. The alluvium generally is 40 to 70 feet thick in most parts of 
the subarea. The underlying Troutdale Formation extends to depths 
at least 120 feet or more below the base of the alluvium in Grand 
Island (table 2, log of well 5/3W-22J1) and probably to even greater 
depths in other parts of the subarea downstream from Salem. Up 
stream from Salem, along Hayclen Slough, the alluvium is generally 
less than 50 feet thick and rests on marine sedimentary rocks (table 2, 
logofwel!7/4W-36Fl).

The water table is only a few feet below the land surface in most 
parts of the Willamette River flood plain and intersects the land sur 
face locally, as in abandoned stream channels and meander scars. It 
slopes toward the Willamette River and rises and declines with the 
stage of the river.

Ground water is pumped in the subarea mainly for irrigation; most 
of the wells are less than 100 feet deep and yield moderate to large 
quantities of water with only a few feet of drawdown. Because of the 
small drawdowns, many of the wells are equipped with centrifugal 
pumps, which are easily transported and can be stored during the 
winter. Locally on Grand Island, several wells failed to penetrate suffi 
cient permeable material in the alluvium and were drilled into the 
Troutdale Formation to depth of about 190 feet. Those wells (table 1, 
wells 5/3W-15R1 and 22Jl) flow at land surface.
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It is estimated that about 420,000 acre-feet of recoverable ground 
water is stored in the 10- to 200-foot-depth zone in the 14,270 - acre Wil- 
lamette River flood plain; this estimate is based largely on specific 
yields determined in Mission Bottom and other flood-plain segments 
of the Willamette River east of the study area (Price, 1967).

The chemical quality of the ground water in the Willamette River 
flood plain is suitable for most uses. Two samples, Nos. 1 and 13 (table 
4), from wells believed to tap alluvium of the Willamette River con 
tained only 132 and 156 ppm of dissolved solids, respectively. A sample 
(No. 5) collected from well 5/3W-15R1, which taps the Troutdale 
Formation in Grand Island, contained 211 ppm of dissolved solids. 
None of the samples had significantly large concentrations of unde 
sirable mineral constituents.

SUMMARY

Ground water is generally available throughout the Eola-Amity 
Hills area, but the quantities that can be developed vary considerably 
from place to place. Small but usable quantities for domestic and stock 
supplies can generally be developed from wells that tap the marine 
sedimentary rocks underlying most of the area west of the Eola-Amity 
Hills. In the Eola-Amity Hills small quantities of water can be ob 
tained from the marine sedimentary rocks, and small to moderate 
quantities are obtainable from the basalt of the Columbia River 
Group. However, the amount of water yielded by a well that taps the 
basalt of the Columbia River Group depends greatly on the thicknesses 
of saturated permeable zones in the basalt penetrated, and those thick 
nesses vary considerably over short distances. In the main valley plain 
north and east of the Eola-Amity Hills and in the flood plain of the 
Willamette River, moderate to large quantities of water are available 
from the Troutdale Formation and alluvium of the Willamette River. 
The Willamette Silt, which blankets much of the Eola-Amity Hills 
area below an altitude of about 200 feet and ranges in thickness from 
less than 1 foot to about 75 feet, yields only small quantities of water 
to wells.

It is estimated that more than 1.3 million acre-feet of recoverable 
ground water is stored in the 10- to 200-foot-depth zones in the east 
valley plain and Willamette River flood plain, although no estimate 
was made for the rest of the Eola-Amity Hills area.

Most of the ground water, which receives replenishment mainly 
from precipitation that falls in the area (1900-64 average about 42 in. 
per yr), discharges naturally through unused seeps and springs and
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by evapotranspiration. At least part of that water could be intercepted 
and put to beneficial use by pumping from wells and by developing 
springs.

Major problems affecting the utilization of ground water in the 
Eola-Amity Hills area are (a) uneven distribution of the more per 
meable rocks throughout the study area, (b) undesirable chemical 
quality of ground water locally in the marine sedimentary rocks, and 
(c) undesirable effects of sand and silt on the efficiency and life of 
wells that tap the Troutdale Formation and on pumps and water- 
distribution systems. Other problems, such as mutual interference 
between discharging wells and local overdraft, may arise as develop 
ment of ground water increases.

BASIC GROUND-WATER DATA

The data summarized in the following tables are representative of 
all ground-water data previously available or collected in the study 
area during this investigation. Virtually all the data collected during 
this investigation have been published by the Oregon State Engineer 
(Price and Johnson, 1965). Additional unpublished ground-water 
data, including well records and ground-water-level records, are on 
file at the offices of the Oregon State Engineer, Salem, and the U.S. 
Geological Survey, Portland, Oreg.

Most of the well records shown in table 1 (records of representa 
tive wells) were obtained from reports compiled by the drillers of the 
wells and from interviews with the well owners and operators. Most 
of the lithologic logs of wells given in table 2 were also obtained from 
well-drillers' reports. Those logs have been edited for consistency of 
terminology but have not been otherwise changed. The geologic desig 
nations have been assigned by the writer.

Only a few of the many springs presently being used in the Eola- 
Amity Hills and the Red Hills of Dundee are listed in table 3 to illus 
trate the various modes of occurrence and uses and to show the range 
of yield of the springs.

Table 4 (chemical analyses of ground waters) includes at least one 
analysis of water from each of the major geologic units tapped by wells 
in the study area, and all the analyses were made by the Geological 
Survey.
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58 GROUND WATEB, EOLA-AMITY HILLS AREA, ORE.GON1 

TABLE 2. Drillers' logs of representative wells

Material
Thick 

ness 
(feet)

Depth 
(feet) Material

Thick 
ness 
(feet)

Depth 
(feet)

4/3W-11C1
E. Forrest. Alt 140 ft. Drilled by A. M. Jannsen Drilling Co., 1937. Casing: 6-in. diam to 192^ ft;

unperforated]

Willamette Silt:

Troutdale Formation: 
Sand, hard. __ ______ ...

2
24
10

6
1

20
97
32

2
26
36

42
43
63

160
192

Columbia River Group:
1
3

193
196

4/4W-8H1
[C. E. Conrad. Alt 155 ft. Drilled by Wilcox Drilling Co., 1958. Casing: 6-in. diam to 96 ft; perforated

79-96 ft]

Willamette Silt: 
Top soil-    -  - 2

17
10

9
22
8

2
19
29
38
60
68
73

Troutdale Formation:
11
HH

84
9514
96

4/4W-30J1
[McMinnville Orange. Alt 140 ft. Drilled by Wilcox Drilling Co., 1960. Casing: 6-in. diam to 60H ft; per 

forated 54-60 ft; gravel pack 29-60 ft]

Willamette Silt: 
Top soiL--.-------.-. ---...--.

Troutdale Formation: Sand and

2 
27 
17

3

2 
29 
46

49

Marine sedimentary rocks: 
Mudstone, brown, gritty. .... 
Mudstone, blue and black,

12 

35

61 

96

5/3W-9N1

[Howard Baker. Alt 160 ft. Drilled by Willamette Drilling Co., 1959. Casing: 10-in. diam to 301 ft; perforated 
110-115 ft, 258-266 ft]

Willamette Silt:

Willamette Silt and Troutdale

Troutdale Formation: 
Sand, black, water-bearing...

2 
23

87

3 
23 
65

2 
25

112

115 
138 
203

Troutdale Formation   Con.

Clay, black. ..................

Sand, brown; some gravel. ... 
Clay, blue, with boulders .... .

17 
10 
30 

6 
19 
15 

6 
1

220 
230 
260 
266 
285 
300 
306 
307
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TABLE 2. Drillers' logs of representative wells Continued

Material
Thick 

ness 
(feet)

Depth 
(feet) Material

Thick 
ness 
(feet)

Depth 
(feet)

5/3W-22J1
[Dan Tomkins. Alt 102 ft. Drilled by Willamette Drilling Co., 1962. Casing: 8-in. diam to 190 ft; 

unperforated]

Alluvium:

Troutdale Formation:

Sand.. ____ . ___ .- ......

27 
40

83 
8

27 
67

150 
158

Troutdale Formation  Con.
24 
3 
4 
1

182 
185 
189 
190

5/4W-1C1
[E. F. Day. Alt 155 ft. Drilled by Arrow Drilling & Supplies Co., 1963. Casing: 10-in. diam to 172 ft; per 

forated 70-170 ft; gravel pack 18-172 ft]

Willamette Silt: 
Top soil.     . .. 2

16
31

6
10
3

13
4

2
18
4Q

55
65
68

81
85

Troutdale Formation  Con.
13
18
4

19
6

13
4

10

98
116
120
139
145
158
162
172

6/3W-7A1
^Estate of Belle Simkins. Alt 200 ft. Drilled by West Well Drilling, 1958. Casing: 6-in. diam to 187 ft; un 

perforated]

Troutdale Formation: Clay,

Columbia River Group:

Clay, red, soft, caving; yields

86 

17 

48

4 
30

86 

103 

151

155 
185

Columbia River Group  Con. 
Basalt, decomposed, with 

some unweathered layers;

Shale, light blue-gray,

Shale, blue and red, soft,

35 

10 

20

220 

230 

250

6/4W-17K1 
[John Romig. Alt 220 ft. Drilled by John T. Miller, 1956. Casing: 8-in. diam to 32 ft; unperforated]

Willamette Silt: Top soil and 
clay..  _ _______ ._

Marine sedimentary rocks: 
Shale, blue... _______ .

Shale. _______ . _ . ....

32

109 
10 
40

32

141 
151 
191

Marine sedimentary rocks   Con.

Shale, blue. hard...   _ ._..

14 
10 
3 
7 

35

215 
225 
228 
235 
270



60 CROWD WATER, ElOLA-AMITY HILLS AREA, OREGON1

TABLE 2. Drillers' logs of representative wells Continued

Material
Thick
ness
(feet)

Depth
(feet) Material

Thick
ness
(feet)

Depth
(feet)

7/3W-8G1
[Emmett Rogers. Alt 250 ft. Drilled by Barren & Strayer, 1964. Casing: 10-in. diam to 295 ft, 8-in. liner 395-

455 ft; unperforated]

Columbia River Group: 
Top soil  ---_-__---_.--._...
Clay, red. ____________________
Rock, black, hard. _ __ __

bearing. ___________________
Rock, black, hard.. __________
Rock, gray. _________

Rock, black, hard ____________

10
8

117

15
65
50
15

5
10
20
3

22
35
40

10
18

135

150
215
265
280
285
295
315
318
340
375
415

Marine sedimentary rocks:
15
15
30
23

2
45
20
75
60

430
445
475
498
500
545
565
640
700

7/3W-9F1

[Oak Crest Farm. Alt 125 ft. Drilled by Harry A. Robinson, 1957. Casing: 10-in diam to 73J, ft; perforated
25-72 ft]

Alluvium: 
Silt... . ____________________

Troutdale Formation:

15
2
7

10

15
17
24
34

36^

Troutdale Formation   Con.

Columbia River Group: Andesite,

1

36

37J^

73H

7/3W-10E1
[L.P. Brandt. Alt 110 ft. Drilled by Duffleld Bros., 1961. Casing: 12-in. diamto 134J. ft; perforated 40-130 ft]

Alluvium: Silt, brown, sandy.....

tion: Gravel and sand, brown,

20

69

20

89

Troutdale Formation: Gravel and
61 150

7/3W-22M1
[Northwest Natural Gas Co. Alt 130 ft. Drilled by Bottner Drilling Co., 1963. Casing: 10-in. diam to 20

ft; unperforated]

Alluvium:

flll__._____-_-_______________

6

58

20
76

6

64

84
160

Troutdale Formation  Con.
15

85
25

115

175

260
285
400

7/4W-36F1

[Gordon Dague. Alt 125 ft. Drilled by Art Clinton Well Drilling Co., 1957. Casing: 10-in. diam to 35 ft;
perforated 21-35 ft]

Alluvium: 
Soil....  ____________________ 11

25
11
36

Marine sedimentary rocks: Rock. 3 3?
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TABLE 2. Drillers1 logs of representative wells Continued

Material
Thick

ness
(feet)

Depth
(feet) Material

Thick
ness
(feet)

Depth
(feet)

8/4W-3B1
[T. C. Muller. Alt 170 ft. Drilled by Art Clinton Well Drilling Co., 1962. Casing: 12-in. diam to 60 ft;

perforated 38-56 ft]

WiUamette Silt:

Clay, blue.. __ ____ __ .

4
14
13

4
18
31

Troutdale Formation:
19
10

2

48
58

60
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TABLE 4. Chemical

[Analyses by U.S.

<o'o,

OQ 

1
2

3 
4

5 
6

8 

9 

10

11 
12

13
14

Location No.

4/3W-26K1.. 
33K1..

4/4W-24N1.. 
27D1..

5/3W-15R1..
5/4W-1C1 

25G1..

27E1-. 

6/4W-1H1... 

6F1... 

17K1_.
7/3W-8R1...

28B1.. 
7/4W-11M1S.

Geologic source

Troutdale Forma 
tion. 

Willamette Silt.---..
Troutdale Forma 

tion. 
...-do  ..... .____._.
_.__.do.-__. _____._ 
Columbia River 

Group. 
Marine sedimentary 

rocks. 
Columbia River 

Group. 
Marine sedimentary 

rocks, 
- do...............
Columbia Eiver 

Group.

Columbia River 
Group.

Depth 
of 

water 
bearing 
zone(s) 

(feet)

40 
64-69

41
92-120

192 
70-170 
50-268

SO-77 

219-233 

2,000+

191-201 
108-110

34

Date of 
collec 
tion

10-13-28 
6-15-63

10-15-28 
6-15-63

6-17-63 
.-.do..-. 

6-15-63

6-25-63 

6-17-63 

2- 6-65

6-17-63 
6-17-63

10-13-28 
6-17-63

-Temperature (°F)

51.5 
55.0

52.5 
54.5

54.5 
55.5 
55.0

55.0 

55.5

56.0 
55.5

54.0 
53.0

Parts per million

Silica (SiO2)

42 
31

21 
32

33 
35
41

50 

4

25 
51

57 
37

Iron (Fe)

.37
7.7

.23

.42

.35 
6.3 

29.7

.07 

1.5

.17 

.03

.10 

.04

id
IIs

.1

.2

.4

B 3*3 
3Oea^-' 
O

15
38.0

40.0 
30.0

18.0 
45.0 

7.5

4.5 

11,500

34.0 
6.0

18.0 
9.5

  ^ 
«§ 

fs
03 Hs s

8.0 
14.0

10.0 
10.0

9.1
21.0 
4.0

1.7 

51.0

5.0 
2.2

10.0 
3.7

1 Calculated values with bicarbonate (HCOs) recomputed as carbonate (COs).
2 Includes dissolved and suspended iron.
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Parts per million  Continued

Sodium (Na)

7.2 
14.0

12.0 
8.3

40.0 
18.0
8.7

5.6 

4,060.0

770.0 
8.8

9.1
5.2

Potassium (K)

1.3
2.5

1.4 
1.7

1.8 
2.7 
1.6

2.0 

22.0

5.8 
2.6

.7 
2.2

Bicarbonate 
(HC03)

88 
209

160 
141

203
278 

52

36 

14

194 
49

109 
56

Carbonate 
(COa)

0 
0

0 
0

0 
0 
0

0 

0

0 
0

0 
0

Sulfate (SO4)

5.5 
1.8

17.0 
6.0

.2 

.4 
9.6

.0 

12.0

2.6 
.2

5.3 
.0

Chloride (Cl)

2.6 
4.2

10.0
8.2

4.5 
.80 

2.0

172.0 

2.0 

26,000.0

1,160.0
2.5

5.5 
3.0

Fluoride (F)

0.4

.2

.1

.5 

.2

.2

.3

.2

.1

o'S

11
fc

5.3
3.5 

3.8
1.5

.4 

.3 

.6

.9 

53.0

3.0 
.7

9 8

1.8

2
5<jsg°fe 
£

2.3

1.0

3.1 
5.0 
1.0

.47

.07 

.64

.23

Boron (B)

0

.36

Dissolved solids '

132 
215

197 
168

211 
273 
102

85 

341,800

2,100 
99

156 
91

Hardness, as 
CaCOs

70 
153

141 
116

82 
197 
35

153 

18 

28,900

106
24

86 
38

Sodium-adsorption- 

ratio (SAR)

0.4
.5

.4 

.3

1.9 
.6 
.6

.6

33.0
.8

.4 

.4

Specific conduct 
ance (micromhos 

at25°C.)

337

258

314 
427 
110

1,220 

68 

49,700

3,860 
91

104

PH

7.7

7.5

8.0 
7.7 
7.5

7.2 

6.1

7.6 
7.4

6.6

a Includes 63 ppm of bromide (Br) and 14 ppm of iodide (I).
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